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1 Serum Protein ProfiBng for tbe Diagnosis of Epithelial Cancers 

2 

3 . * 

4 

5 

7 1 5 4)5- 2D03 

8 
9 
10 

1 1 The piesent invention provides biomolecules and the use of these biomolecules for the differential 

12 diagnosis of epithelial cancers or an acute and chronic inflammation of the epitheUum. La specific 

13 embodiments, the biomolecules are characterised by mass profiles generated by contacting a test 

14 and/or biological sample with an anion exchange surface under specific binding conditions and 

1 5 detecting said biomolecules using gas phase ion spectrometry. The biomolecules used according to the 

16 invention are preferably proteins or polypeptides. Fuithermore, test and/or biological samples are 

17 blood serum samples and are of human origin* 
18 

19 BAO&QROXJhTOTOTmilSWENTION 

20 Despite major efforts made by the medical and phannaceutical communities to provide effective 

2 1 therapies for patients suffering from a varied of epithelial cancers» tibe prognosis of such diseases still 

22 rmiains a great challenge for clinicians and oncologists. For example^ colorectal cancer is the fourth 

23 most common cancer and the second most common cause of cancer deaQi in the US. Approximately 

24 130.000 new cases and 55.000 deaths per year aie reported. Worldwide iq^yproximately 875.000 

25 individuals have develi^ed colorectal cancer in 1996, which accoomts for approx. 8.5% of all new 

26 cases of cancer worldwide (Re£ Potter JD, J Natl Canc^ Inst 1999;91:916-932). 
27 

28 The reasons for the poor prognoses of a number of epithelial cancers ate combinatorial: the proper 

29 diagnosis of such diseases in their advanced stages combined with inadequate therapeutic qptions. 

30 Thus s^art fiom surgery, which may be curative in early stages of such cancers, all other treatment 

31 modalities including chemotherapy and radiation are dis^pointing. The identification of eariiy st^es 

32 of epithelial cancers and the screening of high-risk individuals, therefore present the current strategies 

33 tliat would greatly improve the overall prognosis of such diseases. Unfortunately, despite intensive 

34 research over the last decades, no valid s^rum maikers for epithelial cancers have been identified. 

35 . ' . ' ^ ' '* ' ■ / • ; • 

36 With the development of new technologies in genomic and proteoinic analysis of human cancers, there 

37 has been^great hope that these techniques mig^t not only contribute to our understanding of these 
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1 diseases, but may also help to develop diagaostic maricexs that could assist the practicing cUmcian in 

2 the management of epithelial cancers such as breast, gastrointestinal and other epithelial cancers. The 

3 standard method of proteome analysis has been two dimensional (2D) gel electrophoresis, ^;^ch is an 

4 invaluable tool for the separation and identification of proteins. This method is also an effective tool 

5 for the identification of abenantly expressed proteins in a variety of tissue sample. Unfortunately, the 

6 analysis of data generated by 2D-gel electrophoiesis is labour-intensive and requires large quantities 

7 of material for protein analysis, thereby rendering it impractical for routine clinical use« 
8 

9 Through the introduction of mass spectrometry ^S), ftns tool has been achieved This approach was 

10 further improved throu^ the introduction of MAUDI-TOF (matrix-assisted laser desorption 

11 ionizatiot)/time of flight), which is a mass spectrometry technique that allows the simultaneous 

12 analysis of multiple proteins in one sample. In combination with tandem mass spectrometry 

13 micro-sequencing, differentially expressed proteins can be easily identified* A further modification of 

14 MALDI-TOF is SELDI (sur&ce enhanced laser desorption ionization) in which small amotmts of 

15 proteins are directly boimd to a biochip, carrying spots with different types of chromatographic 

16 material^ including those with hydrophobic, hydrophilic, cation-exchanging and anion-exchanging 

17 characteristics. This ^>proach has been proven to be very useful to idmtify proteins and protein 

18 patterns (Serum protein fingerprinting) in various biological fluids^ including serum, urine or 

19 i>ancreatic juice, 
20 

21 Recently, Ciphergen Biosystems, Inc. have developed diagnostic tools based on such an approach for 

22 the diagnosis of human breast (WO0223200) and prostate cancers (WOO 125791). Using this approach* 

23 new markers specific for breast and prostate cancer have been identified, providing the medical 

24 community with an improved method for the non-invasive diagnoses of breast or prostate cancer in 

25 patieots. However, a major drawback of these diagnostic tools is the inability to determine if a patient 

26 has one type of a cancer over another (e.g. breast vs. colon cancer or lung cancer), as well as the 

27 inability to differentiate between an acute inflammatory disease that exhibits symptoms similar to 

28 those strauning from a specific cancer or a cancer itself (e.g. pancreatitis vs. pancreatic canc^). As a 

29 result of this, patients may still be provided with inadequate treatment for their particular disease, a 

30 diflSculty currently being battled by many clinicians and oncologists. 
31 

32 Despite Ciphergen's efforts in identifying new markers specific for certain epithelial cancers, there is 

33 still a need to develop a non-invasive diagnostic tool that is~able to provide the practicing clinician 

34 with a method of detennining if a patient is suffering from a specific epithelial cancer (e.g. colon 

35 cancer) or an acute and chronic inflammation of the epithelium (e.g. pancreatitis or colitis), and to 

36 identi^^ specific cancers at early stages of development 

37 'V 
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1 Hie present invention addresses this difiBcnlty with the development of a non-invasive diagnostic tool 

2 for Hie differential diagnosis of a variety of epithelial cancers, as well as the differential diagnosis of 

3 acute inflammatoiy diseases over their cancerous counterparts (e.g. pancreatitis vs. pancreadc canc^). 
4 

5 SUMMARY OF THQS INVENTION 

6 The present invention relates to methods for the differential diagnosis of epithelial cancers or an acute 

7 and chronic inflammation of the. ^ithelium by detecting one or more difierenttally expressed 

8 biomolecules within a test sample of a given subject, comparing results with samples fiom healthy 

9 subjects, subjects having a precancerous lesion, subjeds having an epithelial cancer, subjects having a 

10 metastasised epithelial cancer, or subjects having an acute and chronic inflammation of the epithelium, 

11 wherein the comparison allows for the differential diagnosis of a subject as healthy, having a 

12 precancerous lesion, having an epithelial cancer, having a metastasised ^ithelial cancer or an acute 

1 3 and chronic inflammation of the epithelium. 
14 

1 5 The present invention provides a method for the differential diagnosis of an epithelial cancer and/or an 

16 acute and chronic inflammation of the epitheliinn, in vitrOy comprising obtaming a test sanq>le fiom a 

17 subject, contacting test sample with a biologically active sur&ce under specific binding conditions, 

18 allowing for biomolecules present within the test sample to bind to the biologically active sur&ce, 

19 detectmg one or more bound biomolecules using mass spectrometry thereby generating a noass profile 

20 of said test sanq>le, transforming data into a computer-readable form, and conxpaiing said mass profile 

21 against a database containing mass profiles q>ecific for healthy subjects, sulgects having precancerous 

22 lesions, subjects having epithelial cancer, subjects having metastasised epithelial cancers, or subjects 

23 having an acute and chronic inflammation of the epithelium, wheandn ttie comparison allows for the 

24 diffeiential diagnosis of a sulgect as healthy, having a precancerous lesion, having an epithelial cancer, 

25 having a m^astasised epithelial cancer or an acute and chronic inflammation of titie epithelium. 
26 

27 la one embodiment the invention provides a database comprising of mass profiles of biological 

28 samples fiom healthy subjects, subjects having a precanc^tius lesion, subjects having an epitibelial 

29 cancer, subjects having a metastasised epithelial cancer, or subjects having an acute and chronic 

30 inflammation of the epithelium. 
31 

32 Within the sanie embodiment the database is generated by obtaining biological samples from h^thy 

33 subjects, subjects having a precancerous lesion, subjects having an epithelial cancer, sulg* ects having a 

34 metastasised epithelial cancer, and subjects having an acute and chronic inflammation of the 

35 epithelium, contacting said biologic^ samples with a biologically active sur&ce xmder specific 

36 „ bindiog conditions, allowing the biomolecul^ within the Inological sample to bind to said biologically 

37 ^ active sur&ce, detecting one or more bound Inomolecules using mass spectrometer thereby generating 
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1 a mass profile of said biological samples, transfomdng data into a computer-readable fonn, and 

2 applying a mathematical algorithm to classify the mass profiles as specific for healthy subjects, 

3 subjects having precancerous lesions, subfects having epithelial cancer, subjects having metastesised 

4 epithelial cancers, and subjects having an acute and chrome inflammation of the epithelium. 
5 

6 Jn specific embodiments, the present invention provides biomolecules having a molectdar mass 

7 * selected fiom tiie group consisting of 1516 Da =b 8 Da, 1535 Da ± 8 Da, 2020 Da ± 10 Da, 2022 Da ± 

8 10 Da, 2050 Da ± 10 Da, 3946 Da ± 20 Da, 4104 Da ± 21 Da, 4154 Da ± 21 Da, 4298 Da ± 21 Da, 

9 4360 Da ± 22 Da, 4477 Da ± 22 Da, 4867 Da ± 24 Da, 4958 Da ± 25 Da, 4968 Da db 25 Da, 5474 Da ± 

10 27 Da, 5491 Da ± 27 Da, 5650 Da ± 28 Da, 6449 Da ± 32 Da, 6876 Da ± 34 Da, 7001 Da ± 35 Da, 

1 1 7969 Da db 40 Da, 8232 Da ± 41 Da, 871 1 Da =fc 44 Da, 10665 Da ± 53 Da, 12471 Da ± 62 Da, .12504 , 

12 Da ± 63 Da, 12669 Da ± 63 Da, 13989 Da ± 70 Da, 15959 Da ± 80 Da, 16164 Da ± 81 Da, 17279 Da 

13 ± 86 Da, 17406 Da ± 87 Da, 17630 Da ± 88 Da, or 18133 Da ± 91 Da, The biomolecules having said 

14 molecular masses are detected by contacting a test and/or biological sample with a biologically active 

15 sur&ce comprising an adsorbent under specific binding conditions and further analysed by gas phase 

16 ion spectrometry. Preferably the adsorbent used is comprised of positively charged quaternary 

17 ammonium groups (anion exchange sur&ce). 
18 

19 In specific embodiments, the invention provides specific binding conditions for the detection of 

20 biomolecules within a. sample. In preferred embodiments, a sample is diluted 1:5 in a denaturation 

21 buff^ consisting of 7 M urea, 2 M tiiiourea, 4% CHAPS, 1% DTT, and 2% Ampholine, and then 

22 diluted again 1:10 m binding buffer consisting of 0.1 M Tis-HCl. 0.02% Triton X-100 at a pH 8,5 at 0 

23 to 4^C. The treated sample is ttien contacted with a biologically active surfoce comprising of positively 

24 charged (cati<mic) quat^nary ammonium groixps (anion exchanguig), incubated for 120 minutes at 20 

25 to 24^C, and the bound biomolecules are detected using gas phase ion spectrometxy. 
26 

27 Ka an alternative embodiment, the invention provides a method for the differential diagnosis of an 

28 epithelial cancer and/or an acute and chronic inflammation of the epithelium comprising detecting of 

29 one or more differentially expressed biomolecules within a sample. This niethod comprises obtaining a 

30 test sample fiom a subject, contacting said sample with a binding molecule specific for a differentially 

31 expressed polypeptide, detecting an infraction between tiie binding molecule and its specific 

32 polypeptide, wherein. .tibie detection of an .Interaction indicated the presence or sibsence. of said 

33 polypeptide, thereby allowing for the differential diagnosis, of a subject as healthy, having a 

34 precancerous lesicm, having an epitiielial c^cer, having a metastasised' epithelial cancer and/or an 

35 acute and chronic idQammation of the epithelium. Prefi^bly, biadihg molecules are antibodies 

36 specific for said polypeptides. 

37 - ' • , • - 
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1 The biomolecules related to tlie invi^Oin^ Baving amblecularmass selected fiom the group consistiiig 

2 of 1516 Da i 8 Da» 1535 Da.± 8 Da, 2020 Da ± 10 Da, 2022 Da dfc 10 Da, 2050 Da dfc 10 Da, 3946 Da ± 

3 20 Da, 4104 Da ±21 Da, 4154 Da ±21 Da, 4298 Da ±21 Da, 4360 Da ± 22 Da» 4477 Da ± 22 Da, 

4 4867 Da ± 24 Da, 4958 Da ± 25 Da, 4968 Da ± 25 Da, 5474 Da ± 27 Da, 5491 Da ± 27 Da, 5650 Da ± 

5 28 Da, 6449 Da ± 32 Da, 6876 Da ± 34 Da, 7001 Da ± 35 Da, 7969 Da ± 40 Da, 8232 Da ± 41 Da, 

6 8711 Da ± 44 Da, 10665 Da ± 53 Da, 12471 Da± 62 Da, 12504 Da ± 63 Da, 12669 Da ± 63 Da, 

7 13989 Da ± 70 Da, 15959 Da ± 80 Da, 16164 Da ± 81 Da, 17279 Da ± 86 Da, 17406 Da ± 87 Da, 

8 17630 Da ± 88 Da, or 18133 Da ± 91 Da, and may include, but ate not limited to, molecules 

9 comprising nucleotides, amino acids, sugars, &tty acids, steroids, nucleic acids, polynucleotides (DNA 

10 or RNA), polypeptides, proteins, antibodies, carbohydrates, lipids, and combinations thereof (e.g., 

11 glycoproteins, ribonucleoproteins, lipoproteins). Prefiarably said biomolecules are proteins, 

1 2 polypeptides, or fragments thereof 
13 

14 In yet another embodiment, the invention provides a method for the identification of biomolecules 

15 wiUnn a sample, provided that the biomolecules are proteins, polyp^tides or fir^ments thereof, 

16 comprising: chromatography and fractionation, analysis of fractions for the presence of said 

17 di£ferentially e^ipressed proteins and/or firagments thereof, using a biologically active surface, further 

18 analysis using mass spectrometry to obtain amino acid sequences encoding said proteins and/or 

19 fiagments thereof, and searching amino acid sequence databases of kno^wn proteins to identic said 

20 differmtially expressed protems by amino acid sequence camparison. Frefeiably the method of 

21 chromatogr^hy is high p^rfbxmance liquid chiomatogrsqphy (HPLC) or &st protein liquid 

22 chromatography (FPLC). Furthermore, the mass qiectrometry used is selected fiom the git>up of 

23 matrix-assisted laser desorption ionization/ttme of flight (MAUDI-TOF), sur&ce enhanced laser 

24 desorption ionisation/time of flight (SELDI-TOF), liquid chromatography, MS-MS, or ESI-MS. 
25 

26 Furthermore, the inveiition provides kits fertile diETerentid diagnosis ofan epithelial cancer and/or an 

27 acute and chronic inflammaticm of the epithelium. 
28 

29 The t^t or biological samples used according to the invention may be of blood, blood serum, plasma, 

30 nipple aspirate, urine, semen, seminal fluid, seminal plasma, prostatic fluid, excreta, tears, saliva, 

31 sweat, biopsy, ascites, cerebrospinal fluid, milk, lymph, or tissue extract origin. Preferably, the test 

32 and/or biological samples are blood saiun samples, and are isolated from subjects of mammaligm 

33 origin, pref^bly of human origirL 

34 . ■ . " . , 

35 An q)ithelial canc^ of the inventipn may be a breast, lung, gastrointestinal, prostate, ovarian, cervical, 

36 endonaetrial, bladder and/or other cancer of q^itheUai (mgin, and niay be of various stages and/or 

37 grades. 
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1 

2 DBSCRIFnONOFnGURES 

3 Figure lA. Colon cancer. Comparison of protem mass spectra processed on the anion exchange 

4 sur&ce of a SAX2 ProteinChip array comprised of cationic quaternary anunonimn groups. Protein 

5 mass spectra obtained &om sera of patients with colon cancer and healthy tadividuals are shown. 

6 Scattered boxes indicate difiSsrentially expressed proteins with high diagnostic significance. Ihree 

7 representative dififerentially expressed proteins (m/3p=2020 Da, m/2=3947 Da, m/^==5653 Da) 

8 possessing highest importance within the overall classificator (ensemble of decision trees) for 

9 differential an acute and chronic inflammation of the epitheUnm diagnosis, based on their frequency of 

10 appearance within the ensemble of trees are highlighted. The X-axis shows the mass/charge (m/z) 

11 ratio, which is equivalent to the apparent molecular mass of the corresponding biomolecule. The Y- 

1 2 axis shows the normalized relative signal intensity of the peak in the examined serum samples. 
13 

14 Figure IB, Gastric cancer. Comparison of protein mass spectra processed on the anion exchange 

15 sur&ce of a SAX2 ProteinChip array comprised of cationic quaternary ammonium groups. Protein 

16 mass spectra obtained from sera of patients with gastric cancer and healthy individuals are shown. 

17 Scattered boxes indicate differentially expressed proteins with high diagnostic significance. Three 

18 representative diflFerentially expressed proteins (m/2=3946 Da, m/z=5650 Da, m/z=6449 Da) 

19 possessing highest importance within the overall classificator (ensmible of decision trees) for 

20 diflEerential an acute and chronic inflammation of the q>ithelium diagnosis, based on their frequoicy of 

21 appearance within the ensemble of trees are hig^g^ted. The X-^axis shows the mass/charge (m/z) 

22 ratio, which is equivalent to die apparent molecular mass of the corresponding biomolecule. The Y- 

23 axis shows the normalized relative signal intensity of the peak in the examined serum samples. 
24 

25 Figure 2A - F« Colon cancer. Scatter plots of clust^ (peaks, variables) m/z = 3947 Da, 1509 Da, 

26 5653 Da, 4958 Da, 1535 Da, 2020 Da. The X-axis shows the mass/charge (m/z) ratio, which is 

27 equivalent to the {^axent molecular mass of the corresponding biomolecule. The Y-axis shows the 

28 log2 of the normalized relative signal intensity of the peak in the examined serum samples, whereas -die ' 

29 value of the highest peak intensity within the cluster is set to 100% and. a T (An acute and chronic 

30 inflammation of the epithelium): Colon cancer patients' serum samples, o N (Normal): Healthy 

31 patients' serum samples. ' 

. 32„ , 

33 Figure 2A. Colon cancer* Scatter plot of cluster Qpeaki variable) m/z- 

34 . . Ffgnre 2B. Coloii cancer. Scatter p&t of cluster (peak, variable) m/z - 1509 Da. 

^ 35 ^ Figure 2C. Colon cancer. Scatter plot of cluster (peak, variable) m/z » 5653 Da. 

36 Figure2J). Colon cancer. Scatter plot of cluster ^eak; variable)^ 

. 37 ' Figure 2£. Colon cancer. Scatter plot, of cluster (peak, variable) m/z - 1535 Da. ^ 

• - • . & 
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1 Figure 2F. Colon cancer. Scatter plot of cluster (peak, variable) m/z = 2020 Da. 
2 

3 Figure 3A - AC. Gastric cancer. Scatty plots of clusters (peaks, variables) m/z = 3947 Da, 5492 Da, 

4 5650 Da, 8711 Da, 1516 Da, 10665 Da, 18133 Da, 6450 Da, 13996 Da, 7971 Da, 4867 Da, 15960 Da, 

5 4104 Da, 4477 Da, 4154 Da, 4298 Da, 8232 Da, 2022 Da, 12471 Da, 16164 Da, 22473 Da, 17630 Da, 

6 4360 Da, 17279 Da, 2050 Da, 6881 Da, 17406 Da, 7006 Da. The X-axis shows the mass/charge (m/z). 

7 ratio, which is equivalent to the apparent molecular mass of the corresponding biomolecule. The Y- 

8 axis shows the log2 of the normalized relative signal intensity of the peak in the examined s^rum 

9 samples, whereas the value of the highest peak intensity within the cluster is set to 100%. □ T (An 

10 acute and . chronic inflammation of the epithelium): Colon cancer patients' serum samples, o N 

1 1 (Noraial): Healthy patients' serum samples. 
12 

13 Viffnre 3A- Gastric <^cer. Scatterplot of cluster (peak, variable) m/z - 3947 Da. 

14 Figure 3B. Gastric cancer. Scatterplot of cluster (peak, variable) m/z = 5492 Da. 

1 5 Figure 3C. Gastric cancer. Scatter plot of ckister Opeak, variable) m/z « 5650 Da. 

16 FignreSD. Gastric cancer. Scatterplot of cluster (peal^ variable) m/z» 8711 Da. 

17 Figure 3E. Gastric cancer. Scatterplot of cluster ^eak, variable) m/z ~ 1516 Da. 

18 Figure 3F. Gastric cancer. Scatter plot of cluster (peak, variable) m/z - 10665 Da. 

19 Figure 3G. Gastric cancer. Scatterplot of clust^(peak, variable) m/z= 18133 Da. 

20 Bigure 3H. Gastric canc^. Scatterplot of cluster Cpeal^ variable) m/z» 6450 Da. 

21 Figure 3J. Gastric cancer. Scatter plot of cluster (peak, variable) m/z = 13996 Da. 

22 Fi^;ure 3K. Gastric cancer. Scatter plot of cluster (peak, variable) m/z - 7971 Da. 

23 Figure 3Ii. Gastric cancer. Scatter plot of cluster (peak, variable) m/z = 4867 Da. 

24 Figure 3M. Gastric cancer. Scatter plot of cluster (peak, variable) m/z » 15960 Da. 

25 Figure 3N. Gastric cancer. Scatterplot of cluster ^>eak, variable) m/z - 4104 Da. 

26 Figure 30. Gastric cancer. Scatter plot ofcluster (peak, variable) m/z -4^^ 

27 Figure 3P. Gastric cancer. Scatter plot of cli&ster (peak, variable) m/z « 4154 Da. 

28 Figure 3Q. Gastric cancer. Scatter plot of cluster (peak, variable) m/z = 4298 Da. 

29 Figure 3R. Gastric cancer. Scatter plot of cluster (peak, variable) m/z 8232 Da. 

30 Figure 3S. Gastric cancer. Scatta- plot of cluster ^eak, variable) m/z = 2022 Da. 

3 1 Figure 3T. Gastric cancer. Scatter plot of cluster (peak, variable) m/z = 12471 Da. 

32 Figure 3U. Gastric cancer. Scatter plot of cluster (peak, variable) m/z =^16164 Da. 

33 Figure 3V. Gastric canc^. Scatter plot of cluster (peak, variable) m/z = 22473 Da. 

34 Figure 3W. Gastric cancer. Scatter plot of cluster (peal^vm 

35 ^ Figure 3X Gastric cancer. Scatter plot of cluster (peak, variable) m/z = 4360 Da. « 

36 . Jlgure 3Y. Gastric cancer. Scatterplot of cluster (peak, variable) m/z = 17279 Da. - 

37 Figure3ZL Gastric cancer. Scatter plot of clust 
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1 Figure 3AA. Gastric cancer. Scatter plot of cluster (peak, variable) m/z = 6881 Da, 

2 Figure SAB. Gastric cancer. Scatter plot of cluster (peak, variable) m/z « 17406 Da. 

3 Figure SAC. Gastric cancer. Scatter plot of cluster (peak, variable) m/z = 7001 Da. 
4 

5 Figure 4A - D. Scatter plots of clusters Qieaks, variables) m/z = 4968 Da, 5474 Da, 12669 Da, 12504 

6 Da, belonging to differentially expressed proteins not included in the colon and stomach classifier. The 

7 X-axis shows the mass/charge (m/z) ratio, which is equivalent to the apparent molecular mass of the 

8 corresponding biomol«5ule. The Y-axis shows the loga of the normaUzed relative signal intensity of 

9 the peak in the examined serum samples, whereas the value of the highest peak intensity within the 

10 cluster is set to 100%. □ T (An acute and chronic inflammation of the epithelium): Cancer patients* 

1 1 serum sanq>les. o N (Normal): Healthy patients' serum samples. 
12 

1 3 Figure 4 A. Colon cancer. Scatter plot of cluster (peak, variable) m/z 

14 Figure 4B. Colon cancer. Scatter plot of cluster (peak, variable) m/z 

1 5 Figure 4C» Colon cancer. Scatter plot of chister (peak, variable) m/z 

16 Figure 4D. Colon cancer. Scatter plot of cluster (peak, variable) m/z 
17 

18 Figure 5. Distribution of classifier ccnnplexity. The four histograzns visualize the distribution of the 

1 9 number of decision tree variables (peaks, clusters) for the gastric cancer classifier (A, B) and the colon 

20 cancer classifier (C, D). 
21 

22 Figure 6. Variable importance. The four histograms visualize how often a variable (mass) is employed 

23 in the gastric cancer classifiers (A>B) and the colon cancer classifiers (C,D). 
24 

25 DESCRIPTION OF THE INVENTION 

26 It is to be understood that the present invention is not limited to the particular materials and methods 

27 described or equipment, as these may vary. It is also to be understood that the terminology used herem 

28 is for the purpose of describing particular embodiments only, and is not intended to limit the scope of 

29 the preset invention, which will be limited only by the appended claims. 
30 

31 It should be noted that as used her^ and in the appended claims, the singular forms *^an," and 

32 *^e** include plural referraice unless the context clearly dictates otherwise. Thus, for example, a 

33 reference to ^ host cell" induct a plefhom of such bost cells, and a reference to *'an antibody** is a 

34 reference to one or more antibodies and derivatives thereof known to those skilled in the art, and so 

35 Torth.' • / * Ay ^ . ■ - 

36 ■ ^ \ ' ' ' ■ \ '■ '.' ^ ■ ' 

37^ Ufil^ defin^ otiierwise, all technical and^ scientific terms used h^ein have the same meanings as 



= 12669 Da. 
= 5474 Da. 
= 12504 Da, 
= 4968 Da. 
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1 commonly understood by one of ordinary skill in the art Although any materials and. methods, or 

2 equipment comparable to those specifically described herein can be used to practice or test the present 

3 invention, the prefmed equipment, materials and methods are described below. All publications 

4 mentioned herein are cited for the purpose of desmbing and disclosing protocols, reagrats, and 

5 current state of the art technologies that migjit be used in connection with the invention. Nothing 

6 herein is to be construed as an admission that the invention is not entitled to precede such disclosure 

7 by virtue of prior inventioiL 
8 

9 Definitions 

10 The term **biomolecule*' refers to a molecule produced by a cell or living organism. Such molecules 

1 1 include, but are not limited to, molecules comprising nucleotides, amino acids, sugars, fatty acids» 

12 steroids, nucleic acids, i>olynucleotides, polypeptides, proteins, carbohydrates, lipids, and 

13 combinations thereof (e.g., glycoproteins, ribonucleoproteins, lipoproteins). Furthermore, the terms 

14 **nucleotide** or polynucleotide'' refer to a nucleotide, oligonucleotide, polynucleotide, or any firagment 

1 5 thereof. These phrases also refer to DNA or KNA of genomic or synthetic origin which may be single- 

16 stranded or double-stranded and may rq>resent the sense, or the antisense strand, to peptide 

17 polynucleotide sequence (i.e. i>eptide nucleic acids; PNAs), or to any DNA-like or RNA-like 

18 material. 
19 

20 The term '^fi^gment" refers to a portion of a polypeptide (parent) sequmce that comprises at least 10 

2 1 ccmsecutive amino acid r^idues and retains a biological activity and/or some functional dbaracteristics 

22 of the parent polypeptide e.g. antigenidty or structural domain characteristics. 
23 

24 The teems **hiological sample" and *^est sanqple^' refer to all biological fluids and ea»xcetions isolated 

25 fixmi any given subject. In the cotUbssxt of the inv^otion such samples include, but are not limited to, 

26 blood, blood serum, plasma, nq>ple aspirate, urine, sem^ seminal fluid, SCTiinal plasma, prostatic 

27 fluid, excreta, tears, saliva, sweat, biopsy, ascites, cerebrospinal fluid, milk, lymph, or tissue extract 

28 samples. . 
29 

30 The term "specific binding^ refers to the binding reaction between a biomolecule and a specific 

3 1 "binding molecule'^. Related to the invention are bmding molecules that include, but are not limited to» 

32 proteing, peptides, nucleotides, nucleic acids, hormones, amino adds, su^us, fiitty adds, steroids, 

33 polynucleotides, carbohydrates, Tipids, or a combination thereof (e.g. glycoprotdns, 

34 ribonucleoproteins, lipoproteins). Furthermore, a. binding ruction is considered to be specific when 

35 the interaction between said molecides is substantial. In the^^ context of thp invention, a binding 

36 reaction is considered substantial when the reaction that takes place betwe^ said molecules is at least 

37 two tinaes the background. Moxpovisr, the term "qiecific binding conditions'' refers to r^ustion* 

. . ■ ^- * . ; . est 
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1 coDiditioiis that permit the binding of said molecules such as pE^ salt, detergent and other conditions 

2 known to those skilled in the art 
3 

4 The term '^interaction'' relates to the direct or indirect binding or alteration of biological activity of a 

5 biomolecule. 
6 

7 The term "differential diagnosis'* refers to a diagnostic decision between a healthy and different 

8 disease states, including various stages of a specific disease. A subject is diagnosed as healthy or to be 

9 suffering from a specific disease, or a specific stage of a disease based on a set of hjrpotheses that 

10 allow for the distinction between healtiiy and one or more stages of the disease. The choice between 

11 healthy and one or more stages of disease depends on a significaut differmce between each 

12 hypothesis. Under the same principle, a "differential diagnosis" may also refer to a diagnostic decision 

13 between one disease type as compared to another (e.g. stomach cancer vs. colon cancer). 
14 

15 The tem "epithelial cancer" refers to a cancer that arises jfrom epithelial cell origin and may include, 

16 but is not limited to, breast, lung, gastrointestinal, prostate, ovarian, cervical, endometrial cancers, 

17 bladder and/or other cancers of epithelial origin. Within the context of the invention epithelial cancers 

18 may be at different stages (e.g. ductal cardnoma in situ (DCIS)), as well as varying degrees of 

19 grading. In the context of the invention, an epithelial cancer may also be referred to as a neoplasm of 

20 epithelial origm. 
21 

22 The tenn "gastrointestinal cancer" refers to a cancer state associated with the gastrointestinal sjfstem 

23 of any given subject In the context of the invention gastrointestinal canccars include, but are not 

24 limited to oesophageal, stomach, small intestine, colon, rectal, pancreatic, liver, gallbladder, and 

25 biliary tract cancers. Within the context of the invention gastrointestinal canc^ may be at different 

26 stages, as well as varying degrees of grading. 
27 

28 The term '"neoplasm'* can be used interchangeably with "an acute and chronic inflammation of the 

29 epithdium'* and refers to any new and abnormal growth, specifically a new growth of tissue in whidi 

30 the growth is uncontrolled and progressive. 

31 • . . ' 

32 . The tem ^fhealthy individual" refers to a subject possessing good health. Such a subject demonstrates 

33 an absence of a disease, preferably an qpithelial*cSicer or Wl acute and chronic inflammation o£.the 

34 epitheliuni.. Moreover, subjects demcmstiate sm sd>s^e of breast, lung, gastrointestinai, i>rostate, 

35 ovarian^ cervical, CTdometrial, and/or other cancm of epithel^ 

36 . . " ■ ■ ' ' : , ' • 

^ 37 The term ''precancerous lesion** refers to a biological change within a cell and/or tissue such that said 

10 



1 cell and/or tissue becomes susceptible to the development of a cancer. More specifically, a 

2 precancerous lesion is a preliminary stage of cancer (i.e. Dysplasia). Causes of precancerous lesions 

3 may include, but are not limited to. genetic predisposition and e3q)osuro to cancer-causing agents 

4 (carcinogens); such cancer causing agents include agents that cause genetic damage and induce 

5 neoplastic ttansfoimation of a cell. Furthermore, the phrase "neoplastic transformation of a ceU" refers 

6 an ahetation in nomial ceU physiology and includes, but is not limited to. self-sufBciency in growth 

7 signals, insensitivity to growth-mhibitory (anti-growth) signals, evasion of programmed ceU death 

8 (^optosis), limMess tepUcative potential, sustained angiogenesis, and tissue invasion and metastasis. 
9 

0 The tenn *T)ysplasia- refers to morphological alterations within a tissue, which are characterised by a 

1 loss in the unifomiity of individual cells, as wdl as a loss in their architectural orientation. 
L2 Furthermore, dysplastic cells also exhibit a variation in sA^a a«H ^lijy e. 
3 

4 The phrase "dififereatially presenT refers to differences in the quantity of a biomolecule (of a 

5 particular apparent nwlecularniass) present in a sanq>lefix)m a su^ 

6 sample. For example a Womolecole is present at an elevated level, a decreased level or absent in 

7 samples of subjects having an epithelial cancer compared to samples of subjects who do not have a 

8 «JaiM5er of epithelial origin, llierefore in the conUact of the invent 

9 biomolecule^ tefers to the quantity biomolecule (of a particular apparent molecular mass) present 

20 within a sample taken ftom a subject having a disease or cancer of epithelial origin as compared to a 

21 comparable sample taken fiom a heafthy sutgect. Within the context of the invention, a biomolecule is 

22 differentially present between two sana|>les if the quantity of said biomolecule in one sample is 

23 statisticaUy significantly different firom the quantity ofsaidWomolecule in ano^ 
24 

25 The temi "diagnostic assay" can be used interchangeably with "diagnostic method" and refera to the 

26 detection of the presence or nature of a pathologic condition. Diagnostic assays differ m their 

27 sensitivity and specificity. Within the context of the invention the sensitivity of a diagnostic assay is 

28 defined as the percentage of diseased subjects who test positive for an epitheUal cancer or an acute and 

29 chronic inflammation of the epitheUum and are considered "true positives". Subjects having an 

30 ^ithelial cancer or an acute and chronic mflammation of the epitheUum but not detected by tiie 

3 1 diagnostic assay are consid^ "felse negatives". Subjects who are not diseased and who test negative 

32 in flie diagnostic assay are considered "true negatives". Furthermore, tiie term specificity of a 

33 diagnostic assay, as used herein..is defined as 1 minus tiie felse positive rate, where the "felsb positive 
34. rate" is defined as .tiie proportion of tiiose subjects devoid of an epitiielial cancer or an acute and 
35 : chrtmichiBanmaation of the epitheUum but who test podtivejm • 
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The tenn "adsoibeoT le^ to an^ material tiiat is capable of accutnulating (binding) a biomolecule. 

11 



1 The adsorbent typicaUy coats a biologicaUy active surface and is composed of a single material or a 

2 plurality of different materials that are capable of binding a biomolecule. Such materials include, but 

3 are not limited to, anion exchange materials, cation exchange materials, metal chelators, 

4 polynucleotides, oUgonucleotides, peptides, antibodies, metal chelators etc. 
5 

6 The temi "biologically active surfece" refers to any two- or three-dimensional extension of a material 

7 that biomolecules can bind to, or interact with, due to the specific biochemical properties of this 

8 material and those of the biomolecules. Such biochemical properties include, but are not limited to, 

9 ionic character (charge), hydrophobicity, or hydrophilicity. 
0 

1 The term 'Trinding molecule" refers to a molecule that displays an affinity for another molecule. With 

12 in the context of liie invention such molecules may inchide, but are not limited to nucleotides, amino 

13 acids, sugars, fetty acids, steroids, nucleic acids, polypeptides, carbohydrates, lipids, and combinations 

14 thereof (e.g. glycoproteins, ribonucleoproteins, lipoprotems). Preferably, such binding molecules are 

15 antibodies. 
16 

17 nie tenn "solution" reffers to a homogeneous mixture of two or more substances. Sohitions may 

18 inctade, but are not limited to buffers, substrate sohitions, ehition solutions, wash solutions, detection 

19 solutions, standardisation solutions, dxemical solutions, solvents, etc. Furthermore, other solutions 

20 known to those skilled in Ae art are also included herran. 

21 

22 The tenn ♦•mass profile** refers to a rnassspectnmi as a characteristic property of a given sample o^ 

23 groi^ of samples, especially when compared to the mass profile of a second sample or group of 

24 samples in any way different fiom the first sample or groiq? of sample. In the context of the invention, 

25 themassprofileisobtainedbytreatingtiiebiologicalsampleasfoUows.ThesampleisdUutedit 1:5 in 

26 adenaturationbufferconsistingof7Murea.2Mthiouxea,4%CHAPS, 1% DTT, and 2% ampholine 

27 and subsequenUy diluted 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 0.02% Triton X-100 at 

28 pH '8.5. Thus pre-treated sample is applied to a biologically active surfece comprising positively 

29 charged quaternary ammonium groups (anion exchange surfece) and incubated for 120 minutes. The 

30 biomolecules bound to the surfece are analysed by gas phase ion spectrometry as described in another 

31 section. All but the dilution steps are performed at 20 Id 24*'C. Dilution steps are performed at 0 to 

32 ._4»C.„. ' - _. . . '. . 
33- 

34 The phrase "apparent molecular mass** refers to the molecular mass value in Daltpn QDa) of a 

35 biomolecule as it may appear in a given method of investigation, e.g. size exclusion chromatograjjhy, 
■ ■" • . ■ ■ . • ■ ■ .. ' ** • ■ •• ' 

36 gelel&trophoresis, or mass spectrometry. 

37 ^ ■ . . . . 
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1 The tenn "chromatography » refers to any method of separating biomolecules within a given sample 
^ such that the oiigmal native state of a given Womolecule is retained. Separation of a biomolecule fix>m 
other biomolecules within a given sample for the purpose of enrichment, purification and/or analysis 

may be adrieved by methods im^luding. but not limited to, size exclusion chromato^^^ ioJ 
exchange chromatogr^l^r. hydrophobic and hydrophilic interaction chromatography, metal affinity 
chromatography, wherem ««metal»' refers to metal ions (e.g. nickel, copper, gallmm, or zinc) of all 
chemically possible valences, or ligand afiBnity chromatography wherein "Kgand" refers to binding 
molecules, preferably proteins, antibodies, or DNA. Generally, chromatogr^hy uses biologically 



9 active snrfeces as adsorbents to selectively accumulate certain biomolecules, 
10 

11 
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The tenn "mass spectrometry" refers to a method comprising employing an ionization source to 

generate gas phase ions fiom a biological entity of a sample presented on a biologically active surfece 

13 anddetectingthegasphaseionswithamassspectrometer 
14 

The phrase -Taser desoiption mass spectromeixy- refers to a method comprise 

to generate gas phase ions fiom a biomolecule presented on a WologM^ 

17 surfece and detecting the gas phase ions with a mass q)ectrQmeter 
18 

19 ^^t^^n'-massspectrometer-referstoagasphaseionspectrometerthatinc^^ 

20 lonisation source, an ion optic assembly, a mass analyser, and a detector 
21 

22 Within the context of the invention, the terms "detect", -detection" or "detecti^ 

23 Identification ofthe presence, absence, or quantity of a biomolecule 
24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 ^^-^set-referstoasubsetoftheentm^^^^^ 
.35. uicludedrnthetraimngsetT^^ 

•36 " . ".-G ■' ■ . - 



The temi "energy absorbing molecule" or "EAM" refers to a molecule that absorbs energy from an 
energy source in a mass spectrometer thereby enabling desoiption of a biomolecule fiom a 
biologically active surfece. Cimiamic acid derivatives, sin^c acid and dihydroxybenzoic acid are 
fiequently used as energy-absorbing molecules in laser desorption of biomolecules. See U.S. Pat. No 
5.719.060 (Hutehens & Yip) for a fortht^ description of energy absorbing 

The temi "trainfag seT refers to a subiet of the respective entire available data set. This sunset is 
typicaUy randomly sdected, and is solely used for the purpose of classifier constnictioa 
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1 Tb& tern "decision tree" refers to a flow-chait-Iike tree stnictare employed for classification. Decision 

2 trees consist of repeated splits of a data set into subsets. Each split consists of a simple rule apphed to 

3 one variable, e.g., "if value of Variable 1' larger than threshold 1' then go left else go right". 

4 Accordingly, the given feature space is partitioned into a set of rectangles with each rectangle assigned 

5 to one class. 
6 

7 The terms "ensemble", "tree ensemble" or "ensemble classifier" can be used interchangeably and refer 

8 to a classifier that consists of many mnpler elementary classifiers, e.g., an ens^ble of decision trees 

9 is a classifier consisting of decision trees. The result of the ensemble classifier is obtained by 

10 combining all the results of its constituent classifiers, e.g., by majority voting that weights all 

1 1 constituent classiELers equally. Majority voting is especially reasonable in the case of bagging, where 

1 2 constituent classifiers are then naturally weighted by the fi:equency with which they are generated. 
13 

14 The tenn '^competitor'' refers to a variable (in our case: mass) that can be used as an alternative 

15 splitting rule in a decision tree. In each step of decision tree construction, only the variable yielding 

16 best data splitting is selected. Competitors are non-selected variables with similar but lower 

1 7 performance than the selected variable. They point into the direction of alternative decision trees. 
18 

19 The term '^surrogate'* refers to a splitting rule that closely mhnics the action of the primary split. A 

20 surrogate is a variable that can substitute a selected decision tree variable, e.g. in the case of missing 

21 values. Not only must a good surrogate split the parent node into descendant nodes similar in size and 

22 composition to the primary descendant nodes. In addition, the surrogate must also match the primary 

23 split on the specific cases that go to the left child and right child nodes. 
24 

25 The terms ^eal^ and '^signal^ may be used interchangeably and refer to any signal which is generated 

26 by a biomolecule when under investigation using a specific method, for example chromatography, 

27 mass spectrometry, or any type of spectroscopy like UltravioletA^isible Light (UV/Vis) spectroscopy, 

28 Fourier Transformed Infiared (MiK) spectroscopy. Electron Paramagnetic Resonance (EPR) 

29 ■q>ectrosc(q9y, or Nuclear Mass Resonance (NMR^ 
30 

31 Within tibe context of flie tnv^xtion, the terms ^eakf' and '^signal*' refer to the signal generated by a 

32. biomolecule of a certain molecular mass hitting the detector of a mass spectrdmietCT, thus generating a 

33 signal intensity which correlates with the amount or concentration of said biomolecule of a given 

34 . sample.. A **peak" and ^signal" is defined by two values: an. apparent molecular mass value and an 

35 ' intensity value generated as described. Hie mass value is an eleniental characteristic of a biological 
■ 36 €3idty, whereas.the intensity value accords to a certain amount or cbncCTtratiok of a biolo^cal entity 

37 with ttie pbrrespottding ^parent molecular mass value, and thus '^ei^' and '^signal** always refer to 
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1 the im>pertiesofthis biological entity. 
2 

3 The term "cluster** refers to a signal or peak present in a certain set of mass spectra or mass profiles 

4 obtained from di£ferent samples belonging to two or more differ^t groups (e.g. cancer and non 

5 cancer). Within the set, signals belonging to cluster can differ in their intensities, but not in the 

6 apparent molecular masses. 
7 

8 The temi "variable'* refers to a cluster which is subjected to a statistical analysis aimmg towards a 

9 classification of samples into two or more different sample groups (e.g. cancer and non cancer) by 

1 0 using decision trees, wherein the sample feature relevant for classification is the int^osity value of the 

1 1 variables in the analysed samples. 
12 

1 3 DetaOed Descriptfon of the Invention 

14 Diagnostics 

15 Hie present mvention relates to methods for the diEferential diagnosis of epithelial cancers or an acute 

16 and <diionic inflammation of the epithelhmi by detecting one or more differentially expressed 

17 biomolecules within a test sample of a given subject, comparing results with samples from healthy 

1 8 subjects, subjects having a precancerous lesion, subjects having an epithelial cancer, subjects having a 

1 9 metastasised epithelial cancer, or subjects having an acute and chronic inflammation of the epithelium, 

20 wherein the comparison allows for the differential diagnosis of a subject as healthy, having a 

21 precancerous lesion, having an epithelial cancer, having a metastasised qpithelial cancer or an acute 

22 and chronic inflammation of the epithelium. 
23 

24 In one aspect of the invention, a method for the differential diagnosis of an epithelial cancer or an 

25 acute and chronic inflammation of the epithelium comprises obtaining a test sample &om a given 

26 subject, contacting said sample with an adsorbent present on a biologically active sur&ce under 

27 specific bindmg conditions, allowing the biomolecules within the test sample to bind to said adsorbent, 

28 detecting one or more bound biomolecules using a detection method, wherein the detection method 

29 generates a mass iirofile of said sample, transforming mass profile data into a computer-readable form 

30 comparing the mass profile of said sample with a database containing mass profiles from comparable 

31 samples specific for h^lthy subjects, subjects having a precancerous lesion, subjects having an 

32 epithelial cancer, subjects having a metastasised epithelial cancer, or subjects having an acute and 

33 chronic i n fla m m ation of the epithelium. A comparison of mass profiles alloix^ for the medical 

34 practition^ to d^ratnine if a subject is healthy, has a precancerous lesioii, an epithelial cancer, a 

35 metastasised epithelial cancer or an acute and chronic inflammation of the epitheiimri based on the 

36 presence; absence or quaiitity of specific biomole^ 
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1 In more tiian one embodiment, a single biomolecule or a combination of more than one biomolecule 

2 selected ftom the gtoiq> having an apparent molecular mass of 1516 Da ± 8 Da, 1535 Da ± 8 Da, 2020 

3 Da ± 10 Da, 2022 Da ± 10 Da, 2050 Da ± 10 Da, 3946 Da ± 20 Da, 4104 Da ± 21 Da, 4154 Da ± 21 

4 Da, 4298 Da ± 21 Da, 4360 Da ± 22 Da, 4477 Da ± 22 Da, 4867 Da ± 24 Da, 4958 Da ± 25 Da, 4968 

5 Da± 25 Da, 5474 Dadb 27 Da, 5491 Da ± 27 Da, 5650 Da ± 28 Da, 6449 Da ± 32 Da, 6876 Da ± 34 

6 Da, 7001 Da ± 35 Da, 7969 Da ± 40 Da, 8232 Da ± 41 Da, 871 1 Da ± 44 Da, 10665 Da ± 53 Da, 

7 12471 Da ± 62 Da, 12504 Da ± 63 Da, 12669 Da ± 63 Da, 13989 Da ± 70 Da, 15959 Da ± 80 Da, 

8 16164 Da ± 81 Da, 17279 Da ± 86 Da, 17406 Da ± 87 Da, 17630 Da ± 88 Da, or 18133 Da ± 91 Da 

9 may be detected within a given sample. Detection of a smgle or a combination of more than one 

10 biomolecule of the invention is based on specific sample pre-tteatment conditions, the pH of binding 

11 conditions, and the type of biologically active surface used for the detection of biomolecules. For 

12 example, prior to the detection of the biomolecules described herein, a given sample is pre-treated by 

1 3 diluting 1 :5 in a denaturation buffer consisting of 7 M urea, 2 M ttdourea, 4% CHAPS, 1% DTP, and 

14 2% ampholine. The denatured sample is then diluted 1 : 10 in a specific binding buffer (0.1 M "ns-HCl. 

1 5 0.02% TViton X-100, pH 8.5), appUed to a biologically active surfiwe compiising of posdtively-chaiged 

16 quaternary ammonium groups (cationic) and incubated usmg specaSo buffer canditioos (0.1 M 

17 Tis-HCl, 0.02% Triton X-100, pH 8.5) to allow for binding of -said biomolecules to fbe 

1 8 above-mentioned biologically active sur&ce. 
19 

20 According to the invention, a biomolecule with the molecular mass of 1516 Da ± 8 Da is detected by 

21 dihiting Hie biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

22 CHAPS, 1% DIT, and 2% Ampholine, and then 1:10 in binding bufOar assisting of 0.1 M Tis-HCl. 

23 0.02% Tttton X-100 at pH 8.5 at 0 to 4''C, inlying thus treated sample to a biologically active surfece 

24 comprising positively charged (cationic) quaternary ammonium groups (anion esxchanging), incubating 

25 for 120 minutes at 20 to 24*C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

26 described in another section. 
27 

28 According to the invention, a biomolecule with the molecular mass of 1535 Da ± 8 Da is detected by 

29 diluting the biological sample 1:5 in a denaturaticm buffer consisting of 7 M urea, 2 M thiourea, 4% 

30 CELAPS, 1% DIT, and 2% Ampholine, and then 1:10m binding buffer consisting of 0.1 M Tis-HCl, 

31 • 0.02% Triton X-100 at pH 8.5 at 0 to 4°C, applying thus treated sample to a biologically active surfece 

32 comprteing positlvdy charged.Gsationic) quatonary ammonium groups (anion exchanging), incubating ^ 

33 for 120 mini^esi at 20 to 24''e, and subjecting the bound biomolecules to gas phase ion spectrometry, as 

34 desOTbed in ancrther section. 

35- '■ ■• '"" • " • ■ ■ '■ ' ' 

36 According to the inventioii, a biomolecule with the molecular mass of 2020 Da ± 10 Da is detected by 

37 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 
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1 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

2 0.02% Triton X-lOO at pH 8.5 at 0 to 4**C, applying thus treated sample to a biologically active surface 

3 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

4 for 120 minutes at 20 to 24^*0, and subjecting the bound Womolecules to gas phase ion spectrometry as 

5 described in another section. 
6 

7 According to the invention, a biomolecule with the molecular mass of 2022 Da ± 10 Da is detected by 

8 diluting tbo biological sample 1:5 i^i a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

9 CHAPS, 1% DTT, and 2% Ampholine, and flien 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

10 0.02% Triton X-100 at pH 8.5 at 0 to 4*»C, applying thus treated sample to a biologically active surfece 

1 1 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

12 iFor 120 minutes at 20 to 24«C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

1 3 described in another section. 
14 

15 According to the invention, a biomolecule with the molecular mass of 2050 Da ± 10 Da is detected by 

16 diluting the biological sample 1:5 in a denaturation buffer consistmg of 7 M uiea, 2 M thiourea, 4% 

17 CHAPS, 1% DTT, and 2% Anq>holine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

1 8 0.02% Triton X- 1 00 at pH 8 .5 at 0 to 4^C, applying thus treated sample to a biologically active surfece 

1 9 con^nismg positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

20 for 120 minutes at 20 to 24*C, and subjectmg the bound biomolecules to gas phase ion spectrometry as 

21 described in another section. 
22 

23 According to the invention, a biomolecule with the molecular mass of 3946 Da d= 20 Da is detected by 

24 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

25 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

26 0.02% Triton X-100 at pH 8 J at 0 to 4<'C, applying thus treated sample to a biologically active surface 

27 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

28 for 120 minutes at 20 to 24*'C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

29 described in anoth^ section. 
30 

3 1 Accordmg to the invention, a biomolecule with the molecular mass of 4104 Da ± 21 Da is detected by 

32 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

33 CHAPS, 1% DTT, and 2% Ampholine, and then 1 : 10 in binding buffer consiSmg of ol 1 M Tis-HCl, 

34 0.02%Triton X-lOO at pH 8^ at 0 to 4<^C, applying thus treated sample to a biologicaUy active surface 

35 comprising po^vely charged (cationic) quaternary ammonimn groujjs (anion exchanging), incubating 
.36 for 120 minutes ^20 to 24**C,.and subjecting the bound biomolecules to gas phase ion. spectrometry as 

37 desfalbed in another section.' . ' -J. • . -m'- ' 
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1 

2 According to the invention, a Womolccule with the molecular mass of 4154 Da ± 21 Da is detected by 

3 dfluting the biological sample 1:5 in a denatuiation buffer consisting of 7 M urea, 2 M thiourea, 4% 

4 CHAPS, 1% mr, and 2% Ampholine, and Aen 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

5 0.02% Triton X-100 at pH 8.5 at 0 to 4°C, applying thus treated sample to a biologically active surfece 

6 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

7 for 120 minutes at 20 to 24°C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

8 described in another section. 
9 

10 According to the invention, a biomolecule with the molecular mass of 4298 Da ± 21 Da is detected by 

1 1 dUuting the biological sample 1:5 in a denatnration buffer consisting of 7 M uiea, 2 M thiourea. 4% 

12 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

13 0.02% Triton X-100 at pH 8.5 at 0 to 4'>C. applying thus treated sample to a biologically active surfece 

14 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), mcubating 

1 5 for 120 minutes at 20 to 24»C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

1 6 described in another section. 
17 

18 According to the invention, a biomolecule with ilie molecular mass of 4360 Da ± 22 Da is detected by 

19 dilutmg the biological sample 1:5 m a denatuiation buffer consisting of 7 M urea, 2 M thiourea. 4% 

20 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

21 0.02% TWton X-100 at pH 8.5 at 0 to 4'C, apptytas thus treated sample to a biologicaUy active suifece 

22 comprising posithrely charged (cationic) quaternary ammonium groups (anion exc^^ 

23 for 120 minutes at 20 to 24''C, and subjectuig the bound biomolecules to gas phase ion spectrometry as 

24 described in another section. 
25 

26 According to the invention, a biomolecule wifli the molecular mass of 4477 Da ± 22 Da is detected by 

27 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

28 CHAPS, 1% DTT, and 2% Ampholine, and Aen 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

29 0.02% TritonX-100 atpH 8.5 at 0 to 4''C, applying thus treated sample to a biologicaUy active suifece 

30 conq)rismg positively cihaiged (cationic) quaternary ammonium groups (anion exchanging), incubating 

31 for 120 minutes at 20 to 24'*C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

32 described in another section. . __ _ . 

33 

■ 34 According to the'mvention, a biomolecule with the molecular mass of 4867 Da ± 24 Da is detected by 

35 dihitmg the bioWcal sample 1:5 in H denaturation buffer consisting of 7 M urea. 2 M thiourea, 4% 

36 CHAPS, 1% DTT, and 2% AmphoUne, and then 1:10 in bindmg buffer consisting of 0.1 M Tis-HCl. 

37 0.029i>itonX-ld0atpH8.5at0to4<>C.q3pbri»gthus 

18 



1 comprisizig positively clia3:ged (cationic) quatemaiy anmioxiiuni groiq>s (anion exchanging), incubating 

2 for 120 minutes at 20 to 24^C, and subjectmg the bound biomolecules to gas phase ion spectrometry as 

3 described in another section. 
4 

5 According to the invention, a biomolecule with the molecular mass of 4958 Da ± 25 Da is detected by 

6 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

7 CHAPS, 1% DTT, and 2% Ampholihe, and then 1:10 in bmding buffer consisting of OJ M Tis-HCl, 

8 0.02% Triton X-lOO at pH 8.5 at 0 to 4''C, applying thus treated sample to a biologically active surface 

9 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

10 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

11 des(^ed in another section. 
12 

1 3 According to the invention^ a biomolecule with the molecular mass of 4968 Da ± 25 Da is detected by 

14 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M xuea, 2 M thiourea, 4% 

1 5 CHAPS, 1% DTT, and 2% Ampholine, and then 1 : 10 in binding buffer consisting of 0. 1 M Tis-HCl, 

1 6 0.02% Triton X-100 at pH 8.5 at 0 to 4**C, applying thus treated sample to a biologically active surfece 

17 comprising positively charged (cationic) quaternary ammonitun groins (anion exchanging), incubating 

1 8 for 120 minutes at 20 to 24*^0, and subjecting the bound biomolecules to gas phase ion spectrometry as 

19 described in another section. 
20 

2 1 According to the invention, a biomolecule with the molecular mass of 5474 Da db 27 Da is detected by 

22 dihiting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

23 CHAPS, 1% DHTT, and 2% Ampholine, and then 1:10 in bmding buffer consisting of 0.1 M Tis-HC^ 

24 0.02% Triton X-100 at pH 8.5 at 0 to 4^C, applying thus treated sample to a biologically active surface 

25 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging^ incubating 

26 for 120 minutes at 20 to 24®C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

27 described in another section. 
28 

29 According to the invention, a biomolecule with the molecular mass of 549 1 Da db 27 Da is detected by 

30 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

3 1 CHAPS, 1% DTT, and 2% Ampholine^ and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

32 0.02% Triton X-100 at pH 8.5 at 0 to 4''C, applying tixus treated sample to a biologicaily active surj^ 

'33 comprising positively charged (cationic) quaternary anmionium 

.**■-.. ... . - 

34 for 120 minutes at 20 to 24^C, and subjecting the boimd biomolecules to gas phase ion.spectrometry as 

35 describe in another section. ^ 

.36 . ;., ^ . \ ■ .* - . •• ' ' •■' 

37 According to the invention, a biomolecule with the molecular mass of 5650 Da i: 28 Da is ducted by 
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1 diluting the biological sample 1:5 in a denataration bufio: consistiiig of 7 M urea, 2 M thiourea, 4% 

2 CJHAPS, 1% DTT, and 2% Anjpholine, and then 1:10 in.binding buffer consisting of 0.1 M Tis-HCl, 

3 0.02% Ttiton X-100 at pH 83 at 0 to 4''C, applying thus treated sample to a biologically active sor&ce 

4 comprising positively charged (cationic) qoatemary ammonium groups (anion exchanging), incubating 

5 for 120 minutes at 20 to 24"^^ and subjecting the bound biomolecules to gas phase ion spectrometry as 

6 described in another section. 
7 

' 8 According to the invention, a biomclecule with the molecular mass of 6449 Da :t 32 Da is detected by 

9 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiomea, 4% 

10 CHAPS, 1% Drr» and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

1 1 0.02% Triton X-100 at pH 8.5 at 0 to 4''C, applying thus treated sample to a biologically active sur&ce 

12 comprising positively charged (cationic) guatCTiary ammonium groups (anion exchanging), incubating 

13 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

14 desoibed in another section. 
15 

1 6 According to the invention, a biomolecule with the molecular mass of 6876 Da ± 34 Da is detected by 

17 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

18 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

1 9 0.02% Triton X-100 at pH 8 J at 0 to 4°C, applying thus treated sample to a biologically active surfece 

20 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

21 for 120 minutes at 20 to 24**C, and subjecting the boxmd biomolecules to gas phase ion 5pectcx>metry as 

22 described in another section. 
23 

24 According to the inv^tion, a biomolecule with the molecular mass of 7001 Da ± 35 Da is detected by 

25 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

26 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

27 0.02% Triton X-100 at pH 8.5 at 0 to 4''C, flying thus treated sample to a biologically active surface 

28 comprising positively charged (cationic) quaternary ammonium groins (anion exchanging), incubating 

29 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

30 desoibed in another section. 

31 ' . ' - " • 

32- According to the invention, a biomolecule witli*tiie molecular mass of 7969 Da 40 Da is. detected by 

33 dihjting the biological sample 1:5 in a doKituration buffer consisting of 7 M urea, 2 'M thiourea, 4% 

34 . CHAPS, 1% DTT, and 2% \^nphoIine, arid then 1:10 m binding buffer consisting of 0.1 M Tis-lHCl, 

35 ' 0.02% IViton X-lOO at pH 8.5 at 0 to 4"^^ applying thus treated sample to a biologically active surface 

36 comprising positively charged (cationic) quaternary ammonium groups (anioxl excdsa^gjUig), incubating 

37 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to*gas piiase ion spectrometry as 
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1 desoibed ia anofh^ section. 
2 

3 According to the invention, a biomolecule with the molecular mass of 8232 Da ± 41 Da is detected by 

4 diluting the biological saccule 1:5 in a denaturation bu£F«r consisting of 7 M urea, 2 M thiourea, 4% 

5 CHAPS, 1% DTT, and 2% Ampholine, and Oiea 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

6 0.02% Triton X- 100 at pH 8.5 at 0 to 4^C, ^lymg thus treated sample to a biologically active surface 

7 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

8 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

9 described in another section. 
10 

1 1 According to the invention, a biomolecule with the molecular mass of 87 1 1 Da ± 44 Da is detected by 

12 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

13 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

14 0.02% Triton X-100 at pH 8.5 at 0 to 4^C, applymg thus treated sample to a biologically active surfece 

1 5 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

16 for 120 minutes at 20 to 24**C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

17 described in another section. 
18 

1 9 Accoxdmg to the invention, a biomolecule with tiie molecular mass of 10665 Da rb 53 Da is detected 

20 by diluting the biological sample 1:5 in a denaturation buff^ consisting of 7 M urea, 2 M thiourea, 4% 

21 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Hs-HCl, 

22 0.02% Triton X-100 at pH 8.5 at 0 to 4^C, applying thus treated sample to a biologicaUy active surface 

23 comprising positively charged (cati<mic) quatonary ammonium groups (anion ^changing), incubating 

24 for 120 minutes at 20 to 24**C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

25 described in another section. 
26 

27 According to the invenSon, a bicmiolecule with the molecular mass of 12471 Da :b 62 Da is detected 

?8 by diluting the biological sample 1 :5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

29 CHAPS, 1% DTT, and 2% Ampholine, and then 1 : 10 in binding buffer consisting of 0.1 M TLs-HCl, 

• 30 0.02% Triton X-100 at pH 8.5 at 0 to 4X, applymg thus treated sample to a biologically active surfece 

3 1 comprising positively charged (cationic) quaternary ammonium gjcoups (anion exchanging), mcubating 

32 for 120 minutes at 20 to 24^C, and subjecting the bound biomo 

33 described in another sectiocL 

" . • • • . . ft- . 

34 . .. ." 

• 35 Acxording to the invention, a biomolecule with the molecn^ 

'36 by diluting the biological sample 1 :5 in a denatuiation buffer consisting of 7 M urea, 2 M thiourea, 4% 

37 CHAPS, 1% DTT. and 2% Ampholine, and then 1:10 in binding buffer consisting o^ 01 M TLs-HCl, 
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1 0.02% Triton X-100 at pH 8.5 at 0 to 4^0^ ^plying thus treated sample to a biologically active surface 

2 comprising positively cbaiged (catiomc) quaternary ammonium groiQ>s (anion exchanging)» incubating 

3 for 120 minutes at 20 to 24**C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

4 described in another section. 
5 

6 According to the invention, a biomolecule with the molecular mass of 12669 Da ± 63 Da is detected 

7 by diluting the biological sample 1 :5 in a denaturation buffer consistmg of 7 M urea, 2 M thiourea, 4% 

8 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

9 0.02% Triton X-100 at pH 8.5 at 0 to 4*^0, applying thus treated sample to a biologically active surface 

1 0 comprising positively charged (cationic) quaternary anunonium groups (anion exchanging), incubating 

1 1 for 120 minutes at 20 to 24^*0, and subjecting the bound biomolecules to gas phase ion spectrometry as 

1 2 described in anoth^ section. 
13 

14 According to the invention, a biomolecule with the molecular mass of 13989 Da =fc 70 Da is detected 

15 by diluting the biological sample 1 :5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

16 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

1 7 0.02% Triton X-100 at pH 8.5 at 0 to 4**C, applying thus treated sample to a biologically active suifece 

1 8 comprising positively charged (cationic) quaternary ammonium groups (anion exdianging), mcubating 

1 9 for 120 minutes at 20 to 24**C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

20 described in another section. 
21 

22 According to the invention, a biomolecule with the molecular mass of 15959 Da ± 80 Da is detected 

23 by diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

24 CHAPS, 1% DTT, and 2% Ampholme, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

25 0.02% Triton X-100 at pH 8.5 at 0 to 4^C, applying thus treated sample to a biologically active surfece 

26 comprising positively charged (cationic) quaternary ammonium grovqps (axdon exchanging), mcubating 

27 for 120 minutes at 20 to 24'*C, and subjecting the bound biomolecules to gas phase ion spectrametiy as 

28 described in another sectioiL 
29 

30 According to the invention, a biomolecule with the molecular mass of 16164 Da ± 81 Da is detected 

31 by diluting the biological sample 1:5 in a denaturation buffer consistmg of 7 M urea, 2 M thiourea, 4% 

32 CHAPS, 1% DTT, and2%-Ampiioline, and then 1:10 in bindmg buffer consisting of 0.1 M Tis-HCl, 

33 0.02% Triton X-lOO at pH 8.5 at 0 to 4**C, applying flms treated sample to a biologically active surface 
34. comprising pQsitively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

35 for 120 ininutes at 20 to and subjecting the bound biomolecules to phase ion spectroinetry as 

36 descaibedm another section. 
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1 According to Ihe invention, a biomolecule with the molecular mass of 17279 Da ± 86 Da is detected 
" by ddntingthe biological sample 1:5 in a denatmation buffer consisting of 7 M urea, 2 M thiourea, 4-/o 
CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl 
0.02O/O Triton X-1 00 at pH 83 at 0 to 40C. applying thus tinted sample to a biologically active surfece 
compnsingpositively charged (cationic) quatenaxy ammonium groups (anion exchangmg). hxcubating 
for 1 20 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 



2 
3 
4 
5 

6 



7 described in another section. 
8 



9 
10 
11 
12 
13 
14 



According to the mvention. a biomolecule ivith the molecular mass of 17406 Da ± 87 Da is detected 
by dihitmg the biological sample 1 :5 m a denaturation buffer consisting of 7 M urea, 2 M thiourea, 40/0 
CHAPS. 1% DTT. and 2% Ampholine. and then 1:10 in binding buffer consisting of 0 1 M Tis-HCl, 
0.02% Triton X-lOO at pH 8if at 0 to 4«>C. applying thus treated sample to a biologicaUy active surfece 
comprismg positively charged (cationic) quaternary ammonium groups (anion exchanging), incubatmg 
forl20 mhmtes at 20 to 240C. and subjectmg the bound biomolecules to gas phase ion spectrometry as 
IS described in another section. 
16 

According to the mvention. a biomolecule ^th the molecular mass of 17630 Da ± 88 Da is detected 
by diluting the biological sample 1 .-5 m a denaturation buffer consisting of 7 M urea. 2 M thiourea, m 
CHAPS. 1% DTT. and 2o/„ Ampholfae. and then 1:10 in bindmg buffer consisting of 0.1 M m-HCL 

0.020/. TritonX.100atpH8.5at0to4<>C.^yinglhustrealedsampletoabiologicaUy^^ . 
comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

f-120mhnrtesat20to24<>C.andsubjectingti»eboundbiomolec„les1ogasphaseion 
23 described manotiier section. 

24 

According to the mvention, a biomolecule with tiie molecular mass of 18133 Da d= 91 Da is detected 
by diluting tiie biological sample 1 :5 m a denaturation buffer consisting of 7 M urea. 2 M thiourea, 4«/. 
CHAPS, 10/0 DTT. and 2% Ampholine. and then 1:10 in bmdmg buffer consisting of 0.1 M Tis-HCL 
0.02«/o Triton X-l 00 at pH 8.5 at 0 to 40C. ^plying thus treated sample to a biologicaUy active surfece 
compristogpositively charged (cationic) quaternary ammonium groups (anion exchanging), mcuhating 

^<^120mhn.tesat20to24°C.andsubjectingtheboundbiomolecuIestogas^ 

31 described in mdtiia: section. „ . 

32 . "■ •.- •. . . ^ r . 

33 A biomolecule of the mvention may include iurymcdecule that is 

34 . and may h^ any biochemical property Ce.g.phospho^^^^^^ 

3^ molecules, negatively charpd molecules, hydrophobicity, hydKq>hiHcity), but preferably biochemical 

36 P-P^^^tallpwbindingofthebiomolec^^ 

37 , . charged quatem^ ammonium groups after deii^hiratiori in 7 M mea. 2 M tiriourea, 4% CHAPS l-Zo 
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1 DTT, and 2% Axxq>iioline and dilution in 0.1 M Tis-HO, 0.02% Triton X-100 at pH 8.S at 0 to 4''C 

2 followed by incubation on said biologically active sur&ce for 120 minutes at 20 to 24^C. Such 

3 molecules include, but are not limited to, molecules comprising nucleotides, amino acids, sugars, j&tty 

4 acids, steroids, nucleic acids, polynucleotides (DNA or RNA), polypeptides, proteins, antibodies, 

5 carbohydrates, lipids, and combinations thereof (e.g., gt/coproteins, ribonucleoproteins, lipoproteins). 

6 Preferably a biomolecule may be a nucleotide, polynucleotide, peptide, protein or fiagments thereof 

7 Even more preferred are peptide or protein biomolecules or fragments thereof. 
8 

9 The methods for detecting these biomolecules have many applications. For example, a single 

10 biomolecule or a combination of more than one biomolecule selected fiom the group having an 

11 apparent molecular mass of 1S16 Da± 8 Da, 1535 Da± 8 Da, 2020 Da:t 10 Da, 2022 Da± 10 Da, 

12 2050 Da ± 10 Da, 3946 Da ± 20 Da, 4104 Da± 21 Da, 4154 Pa± 21 Da, 4298 Da d= 21 Da, 4360 Da d= 

13 22 Da, 4477 Da ± 22 Da, 4867 Da ± 24 Da, 4958 Da ± 25 Da, 4968 Da ± 25 Da, 5474 Da ± 27 Da, 

14 5491 Da db 27 Da, 5650 Da ± 28 Da, 6449 Da ± 32 Da, 6876 Da ± 34 Da, 7001 Da db 35 Da, 7969 Da ± 

15 40 Da, 8232 Da ± 41 Da, 871 1 Da i 44 Da, 10665 Da ± 53 Da, 12471 Da =fc 62 Da, 12504 Da ± 63 Da, 

16 12669 Da ± 63 Da, 13989 Da =fc 70 Da, 15959 Da ± 80 Da, 16164 Da ± 81 Da, 17279 Da iz 86 Da, 

17 17406 Da ± 87 Da, 17630 Da ± 88 Da, or 18133 Da =fc 91 Da can be measured to differentiate between 

18 healthy subjects, subjects having a precancerous lesion, subjects having an epithelial cancer, subjects 

19 having a metastasized epithelial cancer or subjects with a disease of epithelial origin, and thus are 

20 usefid as an aid in the diagnosis of an epithelial cancer and/or a disease of epithelial origin within a 

2 1 subject. Alternatively, said biomolecules may be used to diagnose a subject as healthy. 
22 

23 For example, a biomolecule having the apparent molecular mass of about e.g. 3946 Da is present only 

24 in biological samples from patients having a metastasised epithelial cancer. Mass profiling of two test 

25 samples from different subjects, X and Y, reveals the presence of a biomolecule with the appscr&at 

26 molecular mass of about 3946 Da in a sample from test subject X, and the absence of said biomolecule 

27 in test sample from sutgect Y. The medical practitioner is able to diagnose subject X as having a 

28 metastasised epithelial cancer and subject Y as not having a metastasised epithelial cancer. In yet 

29 another example, three biomolecules having the apparent molecular mass of about 7969 Da, 1247 1 Da 

30 and 18133 Da are present in varying quantities in samples specific for precancerous lesions and 

31 ''early^ epithelial canc^. Hie biomolecule having the ^parent molecular mass of 7969 Da is more 

32 present in samples specific, for precancerous lesions than for "earl/* qpithelial cancers. A biomolecule 

33 having an ^parent taolecular mass of 12471 Da is detected in sample 

- 34 epithelial canc^ but not in those having a precancerous lesion, whereas the biomolecule hayicig the 

35 molecular mass of 18133 Da is present in al>out the same quantity in both sample types. Such 

36 . biomolecules are not pfresent in samples finm healthy subjects, only those of l^parent molecular mass 

37 of 6449 Da and 15959 Da. Analysis of a test sample reveals the presence of biomolecules having the 
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1 molecular mass of 1 8133 Da, 7969 Da and 12471 Da. Comparison of the quantity of the Womolecules 

2 within said sample reveals that the biomolecule with an appai«at molecularmass of 7969 Da is present 

3 at lower levels than those foraid in samples from sutgects having a precancerous lesion. The medical 

4 practitioner is able to diagnose the test subject as having an "early" ^ithelial cancer. These exanq>les 

5 are solely used for the purpose of clarification and are not intended to limit the scope of this invention, 
6 

7 In another aspect of the inveotion, an immunoassay can be used to deteimine the presence or absence 

8 of a biomolecule within a test sample of a subject. First, the presence or absence of a biomolecule 

9 within a sample can be detected using the various immunoassay methods known to those skilled m the 

10 art (i.e. ELKA. western blots). If a biomolecule is present in the test sample, it will fonn an antibody- 

1 1 maricer complex with an antibody that specifically binds a biomolecule under suitable incubation 

12 conditions. The amount of an antibody-biomolecule coDq>lex can be detemiined by comparing to a 

13 standard. 
14 

15 The mvention provides a method for the differential diagnosis of an epithelial cancer and/or an acute 

16 and chronic mflammation of the epilfaeUiim comprising detecting of one or more differentially 

17 expressed Uomolecules within a sample. This mettiod conqirises obtaining a test sample from a 

18 sulgect, contacting said sample with a binding molecule qjecific for a differentiaUy expressed 

19 polypqitide, detecting an intnaction between fbs binding molecule and its qtecific polypeptide, 

20 wherein the detection of an mleraction indicates fbs presence or absence of said polypeptide, thereby 

21 allowing for the differential diagnosis of a subgect as healthy, having a precancerous lesion, having an 

22 epithelial cancer, having a metastasised epithelial cancer and/or an acute and chrnnir. mflammaH^n of 

23 the qpitheUum. Bindmg molecules inchide, but are not limited to, protems, peptides, nucleotides. 

24 nucleic acids, hormones, amino acids, sugars, fetty adds, steroids, polynucleotides, carbohydrates, 

25 Upids, or a combination thereof (e.g. glycoprotdns, ribonncleoproteins, lipqprotems), compounds or 

26 synthetic molecules. Preferably, binding molecules are antibodies ^ecific for biomolecules selected 

27 fix>m the group of having an apparent molecular mass of 1516 Da ± 8 Da, 1535 Da ± 8 Da, 2020 Da ± 

28 10 Da, 2022 Da ± 10 Da, 2050 Da ± 10 Da, 3946 Da ± 20 Da, 4104 Da ± 21 Da, 4154 Da ± 21 Da, 

29 4298 Da ± 21 Da, 4360 Da ± 22 Da, 4477 Da ± 22 Da, 4867 Da ± 24 Da. 4958 Da ± 25 Da. 4968 Da db 

30 25 Da. 5474 Da ± 27 Da, 5491 Da ± 27 Da, 5650 Da ± 28 Da, 6449 E>a ± 32 Da, 6876 Da ± 34 Da, 

31 7001 Da ± 35 Da, 7969 Da ± 40 Da, 8232 Da ± 41 Da, 871 1 Da ± 44 Da. 10665 Pa ± 53 Da, 12471 . 

32 Da ± 62 Da, 12504 Da± 63 Da, 12669 Da± 63 Da, 13989 Da± 70 Da, 15959 Da± 80 Da. 16164 Da 

33 . ± 81 Da. 17279 Da ± 86 Da, 17406 Da ± 8f Pa. 17630 Da ± 88 Da. or 18133 Da ± 91 Da. 

34 ■ 

35 In another aspect of the inventioi^ a metiiod for detecting the differential "presence of one or more' 
?6 biomolecules selected from the group having an apparent molecular mass of 1516 Da ± 8 Da, 1535 Eto 
57 ± 8 Da. 2020 r)a ±10 Da, 2022 Da ± 10 Da, 2050 Da ± 10 Da. 3946 Da ± 20 Da. 4104 Da ± 21 Ife. 
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1 4154Da±21Da,4298Da±21Da,4360Da±22Da,4477Da±22Da,4867Da±24Da,4958Da± 

2 25Da,4968Da±25Da.5474Da±27Da.5491Da±27Da, 5650Da±28Da,6449Da±32Da, 

3 6876 Da± 34 Da, 7001 Da ± 35 Da, 7969 Da ± 40 Da, 8232 Da ± 41 Da, 871 1 Da ± 44 Da, 10665 Da 

4 ± 53 Da. 12471 Dai 62 Da. 12504 Da ± 63 Da, 12669 Da ± 63 Da, 13989 Da ± 70 Da, 15959 Da ± 80 

5 Da, 16164 Da ± 81 Da. 17279 Da ± 86 Da, 17406 Da ± 87 Da. 17630 Da ± 88 Da, or 18133 Da ± 91 

6 Da in a test sanq)le of a subject involves contacting the test sample with a compound or agent capable 

7 of detecting said biomolecule such that the presence of said biomolecule is directly and/or indirectly 

8 labeUed. For example a fluorescently labeUed secondary antibody can be used to detect a primary 

9 antibody bound to its specific biomolecule. Furthermore, such detection methods can be used to detect 
10 a variety of biomolecules within a test sample both in vitro as well as in vivo. 

11 

12 In more than one embodiment of the invention, the test sample used for the differential diagnosis of an 

13 epitheUal cancer and/or an acute and chronic inflammation of the epitheUum of a subject m^ be of 

14 blood, blood sermn, plasma, nipple aspirate, urine, semen, seminal fluid, seminal plasma, prostatic 

15 fluid, excreta, tears, saUva, sweat, biopsy, ascites, cerebrospinal fluid, milk, lymph, or tissue extract 

16 origin. Preferably, test samples are of blood, blood serum, plasma, urine, excreta, prostatic fluid, 

17 biopsy, ascites, lymph or tissue extract origm. More prefetied are blood, blood serum, plasma, urine. 

1 8 excretl, biopsy, lymph or tissue extract samples. Even more preferred are bjood serum, urine, excreta 

19 or biopsy samples. OveraU preferred are blood serum samples. 
20 

21 Furthermore, test samples used for the methods of the inver>tion are isolated from sulgects of 

22 mammalian origin, preferably of primate origin. Even more preferred axe su^ects of toman origin. 
23 

24 In addition, the methods for the methods of the invention of healthy subjects, subjects havmg a 

25 precancerous lesion, subjects having an epithelial cancer, subjects having a metastasized epithelial 

26 cancer or sulgects having an acute and chronic inflammation of the epithdium- described herein may 

27 be combmed with other diagnostic methods to hnprove the outcome of the differ«rtial diagnosis. 

28 Other diagiwstic methods are known to those skilled in the art 

29 

30 h't Database 

31 . In another aspect of the invention, a datable comprising of mass profiles specific for healthy subjects. 

32. -subdects -having a precmoetoiis lesion,, sidqects havmg an epithelial cancer, subjects having a 

33 metastasised epithelial cancer, or subjects having an acute and chronic inflammation of the epitheUum 

34 is generated by contacting biological samples isolated from above-mentioned subjects with an 

35 adwrfierit on ,a biologicaUy active ' surfece under specific binding conditions, allowing the 

36 . Iriomolecules vrtthii said sample to bind said adsorbent, detecting one or morb bound biomolecules 

37 using a detection method wh^ein the' detection method ^nerates a 'mass profile of said sample. 
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1 transfomimg the mass profile data into a computer-readable form and applying a mathematical 

2 algorithm to classic the mass profile as specific for healthy subjects, subjects having a precancerous 

3 lesion, subjects having an epithelial cancer, subjects having a metastasised epitheKal cancer, or 

4 subrjects havmg an acute inflanunatoiy disease of epithelial origin. 
5 

6 Acccnding to the invention, the dassification of said mass profiles is performed using the ♦'CART' 

7 decision tree approach (classification and regression trees; Breiman et al., 1984) and is known to those 

8 skilled in the art. Furthennoie, baggmg of classifiers is appUed to overcome typical instabilities of 

9 fiaward variable selection procedures, thereby increasing overall classifier performance (Breiman, 
10 1994). 

11 

12 In more than one embodiment, one or more biGmolecules selected fiom the groiq> having an apparent 

13 molecular mass of 1516 Da ± 8 Da, 1535 Da ± 8 Da, 2020 Da ± 10 Da, 2022 Da ± 10 Da, 2050 Da ± 

14 10 Da. 3946 Da ±20 Da, 4104 Da ±21 Da, 4154 Da ±21 Da, 4298 Da ±21 Da, 4360 Pa ±22 Da, 

1 5 4477 Da ± 22 Da, 4867 Da ± 24 Da, 4958 Da ± 25 Da, 4968 Da ± 25 Da, 5474 Da ± 27 Da, 5491 Da ± 

16 27 Da, 5650 Da ± 28 Da, 6449 Da ± 32 Da. 6876 Da ± 34 Da, 7001 Da ± 35 Da, 7969 Da ± 40 Da, 

17 8232 Da ± 41 Da. 8711 Da ± 44 Da. 10665 Da± 53 Da, 12471 Da ± 62 Da. 12504 Da ± 63 Da, 12669 

18 Da ± 63 Da. 13989 Da ± 70 Da, 15959 Da ± 80 Da, 16164 Da ± 81 Da. 17279 Da ± 86 Da, 17406 Da 

19 ± 87 Da, 17630 Da ± 88 Da, or 18133 Da ± 91 Da may be detected within a given biological sample. 

20 Detection of said biomolecules of the invention is based on specific sample pre-treatment conditions, 

21 the pH of binding conditions, and the type of biologicaUy active sui&ce used fbr the detection of 

22 biomolecules. ■ 
23 

24 Within the context of the invention, biomolecules within a given sample are bound to an adsorbent on 

25 a biologicaUy active surfece under specific binding conditions, for example, the biomolecules within a 

26 given sample are appHed to a biologicaUy active surfece con^rising positively-charged quaternary 

27 ammonium groins (cationic) and incubated with 0.1 M Tris-HCl, 0.02% lYiton X-100 at a pH of 8.5 

28 to aUow for specific binding. Biomolecules that bind to said biologicaUy active surfece under these 

29 conditions arc negatively charged molecules. It should be noted that although the biomolecules of the 

30 invention are bound to a cationic adsorbent comprising of positively-charged quaternary ammonium 

31 groups, the biomolecules are enable of binding other types of adsorbents, as described in another 

32 section using binding conditions known to those skiUed in the.art. Accordingly,''some embodiments of 

33 the invention are not limited to the use of cationic adsoAents 

•■34 ■ •■ - * ■ . ' •. 

.35 According to the mvention. a biomplecule with tiie molecular mass of 1516 Da ± 8 Da is detected by 
ditating the.bioioglcal sample 1:5 in a denahjration buffer consisting of 7 M urea, 2 M thiourea, 4% 
CHAPS.. l%I>rr. and2% AoqAoline, andtiien 1:10 in Wndmg buffer consisting.of 0.1 M Tis-HCl, 



36 
37 
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1 0.02% Triton X-100 at pH 8 J at 0 to 4'^C» applying thus treated sample to a biologically active sur&ce 

• 2 comprising positively chaiged (catianic) quaternary ammonium groiqis (anion exchanging), incubating 

3 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas pliase ion spectrometry as 

4 described in anoth^ section. 
5 

6 According to the invention, a hiomolecule with the molecular mass of 1535 Da db 8 Da is detected by 

7 diluting the biological sample 1:5 in a denatuxation buffer consisting of 7 M urea, 2 M thiourea, 4% 

8 CHAPS, 1% DTT, and 2% AmphoUne, and then 1:10 in binding bufifer consisting of 0.1 M Tis-HCl, 

9 0.02% Triton X-100 at pH 8 J at 0 to 4''C, applying thus treated sample to a biologically active surfece 

1 0 comprising positively chaxged (cationic) quat^aiy ammonium groups (anion exchanging), incubating 

1 1 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

1 2 described in another section. 
13 

14 According to the invention, a biomolecule with the molecidar mass of 2020 Da ± 10 Da is detected by 

15 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

16 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

1 7 0.02% Triton X- 1 00 at pH 8,5 at 0 to 4''C, applying thus trrated sample to a biologically active surface 

18 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

1 9 for 120 minutes at 20 to 24^C, and subjecting the bound biomoleciiles to gas phase ion spectrometry as 

20 described in another section. 
21 

22 According to the invention, a biomolecule with the molecular mass of 2022 Da :i: 10 Da is detected by 

23 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

24 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

25 0.02% Triton X- 100 at pH 8.5 at 0 to 4''C, applying thus treated sample to a biologically active suii^ 

26 comprising positively chaiged (cationic) quaternary ammonium grovqps (anion exchanging), incubating 

27 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

28 described in another section. 
29 

30 Accordmg to the invention, a biomolecule with the molecular mass of 2050 Da db 10 Da is detected by 

31 diluting the biological sample 1:5 in a deniaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

32 - CHAPS, 1% DTT, and 2%.Ampholme, and then 1 : 10 in binding buffer consisting of 0. 1 M Tis-HCl, 

33 . 0.02% Triton X-100 at pH 8.5 at 0 to 4''C,applymg thus t 

34 comprising positively chaiged (cationic) quaternary ammonium groups (anion exdbangine), incubating 

35 . for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

36 described in another sectioiL 

37 ' • 
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1 According to the inveation. a biomolecule with the molecular mass of 3946 Da ± 20 Da is detected by 
'> ditating the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea. 4% 
CHAPS. lo/oDTT. and 2% Ampholine, and then 1:10 in binding buffer consisting of 0 1 M Tis-HCL 
0.02% Triton X-lOO at pH 8.5 at 0 to 4«C. applying thus treated sample to a biologically active surfece 
compnsmgpositivefy charged (catiDnic) quaternary ammonium grtrnps (anion exchanging) incubating 

for 120 mimrtes at 20to24»C. and suyecting the bound biomoleculestogas phase ion speci^^ 
7 described in another section. 



2 
3 
4 
5 
6 



8 
9 
10 
11 
12 
13 
14 



Accordmg to the invention, a Womolecule with the molecular mass of 4104 Da ± 21 Da is detected by 

dihrtmg the biolc^cal sample 1 :5 in a denaturation buffer consisting of 7 M urea. 2 M thiourea. 4% 

CHAPS, !•/. DTT. and 2% Ampholine. and then 1:10 in binding buffer consisting of 0.1 M Tis-HCL 

0.02% IWton X-lOO at pH 8.5 at 0 to 40C. applying thus treated sanq,le to a biologically active sur^e 

comprisingpositively«a«,ged(cationic) quaternary ammonimn groups (anion exchanging), incubating 

f<>^120mhmtesat20to24-C.andsubjectingthebo«ndbiomoleculestogasphaseionspect^ 
15 descaibed hi another section. 
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Accordmg to the invention. aWomolecule with the molecularmassof4154 Da ±21 Da is detected by 
dihxting the biological sample 1 :5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea. 4% 
CHAPS. 1% DTT, and 2% Ampholine. and tiien 1:10 m bmding buffer consisting of 0 1 M Tis-HCL 
0.02% TritonX-100 atpH 8.5 at 0 to 40C. ^lymgtinrs treated sample to a biologically active surfece 
comprising positively charged (cationic) quaternary ammonium groups (anion exchanging). incubatir« 
for 120 mimites at 20 to 240C. and subjecting tiie bound biomolecules to gas phase ion spectrometry as 
^3 described in another section. 
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Accordmg to the invention, a biomolecule witii tiie molecular mass of 4298 Da ± 21 Da is detected by 
diluting the biological sample 1:5 m a denaturation buffer consisting of 7 M urea. 2 M tiiiomea. 4% 
CHAPS. 1% DTT. and 2% Ampholine. and then 1:10 in bindmg buffer consisting of 0.1 M Tis-HCl. 
0.02% Triton X-lOO at pH 8.5 at 0 to 4«C. applying thus treated sample to a biologically active surfece 
comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), mcubating 

«-l^«^"t«at20to24-C.andsul,ectingtheboundbiomoleculesto^ 
31 described hi anotirn section. 



32 
33 
34 
35 
36 



Accordmgtothe invention, abiomolecule with tiie molecular mass of 4360 Da±22 Dais detected by 
^ T.^^ sample 1 :5 m a denaturation buffer consisting of 7 M urea. 2 M tiiiourea. 4% 
C^,l%Drr.and2%Ampholme.andthenl:10inbindingbuffercons^^ 
^^-^X.00atpH8.at0to4oc.a^lyingtluis^ 
37 --I-^P--iv^ycbarged(cationic)quaternary«^^^ 
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1 for 120 minute at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

2 described in another section. 
3 

4 According to the invention, a biomolecule with the molecular mass of 4477 Da db 22 Da is detected by 

5 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M larea, 2 M thiourea^ 4% 

6 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

7 0«02% IViton X-100 at pH 8«S at 0 to 4^C, applying thus treated sample to a biologically active sur&ce 

8 comprising positively charged (cationic) quatmoary ammonium groups (anion exchanging), incubating 

9 for 120 minutes at 20 to 24^C, and subjectmg Ihe bound biomolecules to gas phase ion spectrometry as 
1 0 described in another section. 

11 

1 2 According to the invention, a biomolecule with the molecular mass of 48 67 Da ± 24 Da is detected by 

13 diluting the biological sample 1:5 in a denaturation buff^ consistuig of 7 M urea, 2 M thiourea, 4% 

14 CHAPS, 1% DTT, and 2% Amphoiine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

1 5 0.02% Triton X- 100 at pH 8.5 at 0 to 4*'C, applying thus treated sample to a biologically active surface 

16 comprising positively charged (cationic) quatemaiy anmionium groiq>s (anion exchanging), incubating 

17 for 120 minutes at 20 to 24'^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

1 8 described in anoth^ section. 
19 

20 According to the invention, a biomolecule with the molecular mass of 4958 Da ± 25 Da is detected by 

21 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

22 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

23 0.02% Triton X-100 at pH 8.5 at 0 to 4**C, applying thus treated sample to a biologically active surfece 

24 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

25 for 120 minutes at 20 to 24®C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

26 described in another section. 
27 

28 According to the invention, a biomolecule with the molecular mass of 4968 Da ± 25 Da is detected by 

29 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiomrea, 4% 

30 CHAPS, 1% DTT, and 2% Anipholme, and then 1:10 m binding buffer consisting of 0.1 M Tis-HCl, 

3 1 0.02% Triton X-100 at pH 8,5 at 0 to 4''C, applymg thus treated sample to a biologically active surfice 

32 comprising positively charged (caticodc) quaternary ammonium groups (anion exchanging), incubating 

33 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

34 described in aiiptilier section. 

35 . \^ ■ ^ 

. 36 According to the inv^ition, a biomolecule with ike niolecular mass of 5474 Da :k 27 Da is detected by 

37 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

30 
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1 CHAPS. 1% DTT, and 2% Ampholine, and then 1: 10 in binding buffer consisting of 0.1 M Tis-HCl, 

2 0.02% TWton X- 100 at pH 8.5 at 0 to 4»C, flying thus treated sample to a biologically active suifece 

3 comprising positively chaiged (cationic) quaternary ammonium groups (anion exchanging), incubating 

4 for 120 minutes at 20 to 24»C, and subjecting the bound hiomolecules to gas phase ion spectrometry as 

5 desoribed in another section. 
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According to the invention, a Womolecule with the molecular mass of 5491 Da ± 27 Da is detected by 
dilutmg die biological sample 1:5 in a denaturation buffer consisting of 7 M ui«a, 2 M thiourea, 4% 
CHAPS, 1% DTT, and 2% Anq»holine, and flien 1:10 in binding buffer consisting of 0.1 M Tis-HCl 
0.02% Triton X-lOO at pH 8.5 at 0 to 4-0, applying thus tieated sample to a biologically active suifece' 
comprising positively charged (cationic) quatemaiyammomum groups (anion exchanging), incubating 
for 120 mimrtes at 20 to 24«>C, and subjecting the bound Womolecules to gas phase ion spectrometiy as 



13 described in another section. 
14 



According to the invention, a Womolecule wifli the molecular mass of 5650 Da ± 28 Da is detected by 
diluting the biological sample 1 :5 in a denaturation bufiEfer consisting of 7 M urea. 2 M thiourea. 4% 
CHAPS, 1% DTT. and 2% Ampholine. and then 1:10 m bmding buffer consisting of 0.1 M Tis-HCl 
0.02% Triton X-lOO at pH 8.5 at 0 to 4«'C. applymg thus treated sample to a biologically active surfeci 
comprising positively charged (cationic) quaternary ammomum groups (anion exchanging), incubating 
for 1 20 mimites at 20 to 24<>C. and subjecting the bound Womolecules to gas phase ion spectrometry as 



21 described in another section. 
22 



According to the invention, a biomolecule wi& the molecular mass of 6449 Da ± 32 Da is detected by 
diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 
CHAPS, 1% DTT. and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl. 
0.02% Triton X-lOO at pH 8.5 at 0 to 4°C, applying tims treated sample to a biologically active sorfece 
comprismg positively chaxged (cationic) quaternary ammonium groups (anion exchanging), incubating 
for 120 minutes at 20 to 24<>C, and subjecting tiie bound hiomolecules to gas phase ion spectrometry as 



29 described in another section. 
30 



According to tiie invention, a biomolecule with flie molecular mass of 6876 Da ± 34 Da is detected by 
diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M fliiourea^ 4% 
CHAPS. 1% DTT. and 2% Ampholine, and tiien 1:10 in binding buffer consisting of 0.1 M Tis-HCl. 
0.02% TWton X-lOO at pH 8.5 at 0 to 40C. applying thus treated sample to a biologically active surfece 
comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 
for 120 minutes at 20 to 240C. and subjecting the bound hiomolecules to gas phase ion.spectrometor as 



\37 dciSGribed in anotlier sectiQa. 
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2 Accordingto invention, abiomolecule vdth the xnolecular n^ of 7001 Da ^ 35 Da is detectedby 

3 diluting the biological sample 1:5 in a d^turation b^er consisting of 7 M urea, 2 M thiourea, 4% 

4 CHAPS io/,niT.and2%Ampholine,andthenl:10inbindingb«fferconsistingof0.1MTis.Ha 

5 0 02% mon X-100 at pH 8 ^ at 0 to 4<>C. applymg thus treated sample to a biologicaUy active surfece 

6 comprisiBgpositivelycbarged(cationic)quaten.aryammomumgroups(^^^ 

7 for 120 minutes at 20 to 24»C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

8 desaribed in anothar section. 
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According to the invention, a biomolecule ^th the molecular mass of 7969 Da± 40 Da is detectedby 
diluting the biological sample 1 :5 in a denaturation buffer consisting of 7 M urea, 2 M thiou^a, 4% 
CHAPS 1% Dir. and 2% Ampholine. and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 
0 02% Triton X-1 00 at pH 8.5 at 0 to 40C. applying thus treated sample to a biologically active surfece 
comprising positively charged (cationic) quaternary ammonium gro,^s (anion exchanging), mcubatmg 
for 120 mhnates at 20 to 24<'C. and subjecting the bomid biomolecules to gas phase ion spectrometry as 
1 6 described in another section. 

Accordingtotheinv«>tion.abiomoleculemthti»molecularmassof8232Da±4^ 
diluting the biological sample 1 :5 in a denaturation buffer consisting of 7 M urea. 2 M thiourea. 4 /„ 
CHAPS 1% Dir. and 2% Ampholine. and then 1:10 m binding buffer consisting of 0.1 M Tis-HCl, 
0 02% Triton X-lOO at pH 8 .5 at 0 to 4-C, applying thus treated sample to a biologicaUy active surfece 
comprising positively charged (cationic) quaternary ammonium groups (anion exchangmg). incubating 
for 120 mimrtes at 20 to 24'C, and subjecting the bomid biomolecules to gas phase ion spectrometiy as 
24 described in another section. 

Accordingtotheinvention,aWomoleculewiththemolecularmassof8711Da±44Daisdetectedby 
diluting the biological sample 1 :5 m a denaturation buffer consisting of 7 M urea. 2 M thiourea, 40/0 
CHAPS 1% DIT, and 2% Ampholine. and tiien 1:10 in bmding buffer consisting of 0.1 M Tis-HCl, 
002% -^X-lOO at pH8.5 atOto4-C. applymg thus treated sample to abiologicaUyactive^^^ 

comprismgpositively charged (cationic) quaternary ammonium groups (anion exchanging), mcubatmg 
for 120 mmntes at 20 to 24-C. and subjecting the bound biomolecules to gas phase ion spectiometiy as 
32 describedin another section, ... . . - . 

According to the invention, a biomolecule witix the molecular mass of 10665 Da ± 53 Da is detected 
by dihrting tiie bicdogical sample 1 :5 in a denaturation buffer consisting of 7 M urea, 2 M tiuomrea. 4% 
o» CHAPS l%DTr. and 2% Ampholine. and tiien 1:10 iS binding buffer consisting of 0.1 M Tis-HCl, 
37 0 02% triton X-lOO at pH 8 J at 0 to 4'>C, applymg thus tireated sample to a biologically active siirfece 
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1 comprising positively charged (cationic) quaternary ammoniuni groups (anion KchangingX incubating 

2 for 120 minutes at 20 to 24*^C, and subjecting tbe bound biomolecules to gas phase ion spectrometry as 

3 described in another section. 
4 

5 According to the invention, a biomolecule with the molecular mass of 12471 Da it 62 Da is detected 

6 by diluting the biological sample 1:5 in a denatuxation buffer consisting of 7 M urea, 2 M thiourea, 4% 

7 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buflFer consisting of 0.1 M Tis-HCl, 

8 0.02% Triton X-100 at pH 8.5 at 0 to 4^C, applying thus treated sample to a biologically active surface 

9 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

10 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

1 1 described in another section. 
12 

13 According to the invention, a biomolecule with the molecular mass of 12504 Da db 63 Da is detected 

14 by diluting flxe biological sample 1:5 ia a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

15 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

16 0.02% Triton X-100 at pH 8.5 at 0 to 4**C, applying thus treated sample to a biologicaUy active surface 

1 7 comprising positively charged (cationic) quatemaiy ammonium groups (anion exchangiag), incubating 

1 8 for 120 mmutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

19 desoibed in another section. 
20 

21 Accordmg to the invention, a biomolecule with tiie molecular mass of 12669 Da ± 63 Da is detected 

22 by diluting the biological sample 1 : 5 in a denaturation buffer consisting of 7 M urea, 2 M fliiourea, 4% 

23 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 m binding bufEer consistiiig of 0.1 M Tis-HCl, 

24 0.02% Triton X-100 at pH 8.5 at 0 to 4°C, applying tims treated sample to a biologically active surfece 

25 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), iacub^g 

26 for 120 minutes at 20 to 24''C, and subjecting tiie bound Womolecules to gas phase ion spectrometry as 

27 described in another section. 
28 

29 According to the mventfon, a biomolecule wifli the molecular mass of 13989 Da ± 70 Da is detected 

30 by diluting the biological sample 1:5 in a denaturation buffer consistirig of 7 M ure% 2 M thiourea, 4% 

3 1 CHAPS, 1% DTT, and 2% Ampholiue, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

32 0.02% Triton X-100 at pH 8.5 at 0 to 4*"^ applying tims treated sample to a biologicaUy active surfece 

33 comprising positively charged (cationic) quatanary ammonium groups (anion exchanging), incubating 

34 for 120 minutes at 20 to 24°C, and subjecting the bound bioraolecules to gas phase ion spectrometry as 

35 . described in another section. • . 

37 . According to the invention, a Wdmolecule with the molecular mass of 15959 Da ± 80 Da is d^ectdd 
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1 by dilutmg the biological sample 1 :5 in a denatuiation buffer consisting of 7 M urea, 2 M tbiourea, 4% 

2 CHAPS, 1% mr, and 2% Ampholine, and then 1:10 in bindmg buffer consistuig of 0.1 M Tis-HCl, 

3 0.02% -niton X-100 at pH 8.5 at 0 to A''C, flying thus treated sample to a WologicaUy active surface 

4 comprising positively charged (cationic) quaternary ammonium groi^ (anion exchanging), incubating 

5 for 120 minutes at 20 to 24«»C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

6 described in another section. 
7 

8 Accordhig to the invention, a biomolecule with the molecular mass of 16164 Da ± 81 Da is detected 

9 by dilutmg the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 
10 CHAPS, 1% EyrX, and 2% Ampholine, and them 1:10 in binding buffe consisting of 0.1 M Tis-HCl, 
1 1" 0.02% Tttton X-100 at pH 8.5 at 0 to 4»C, applying thus treated sample to a biologically active surfece 

12 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

13 for 120 minutes at 20 to 24°C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

14 described in another section. 
15 

16 According to the invention, a biomolecule with the molecular mass of 17279 Da ± 86 Da is detected 

17 by dihiting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

18 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

19 0.02% Triton X-100 at pH 8.5 at 0 to 4"C, applying thus treated sample to a biologically active surfece 

20 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubatmg 

21 for 120 minutes at 20 to 24°C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

22 described in another sectioiL 
23 

24 According to the invention, a biomolecule with the molecular mass of 17406 Da ± 87 Da is detected 

25 by dilutmg the biological sanq>le 1:5 in a denaturation buffer consisthig of 7 M urea, 2 M thiourea, 4% 

26 CHAPS, 1% DTT, and 2% Ampholine, and then 1: 10 in binding bufiFor consisting of 0. 1 M Tis-HCl, 

27 0.02% Triton X-100 at pH 8.5 at 0 to 4'»C, applying thus treated sample to a biologically active surfece 

28 comprising positively charged (cationic) quatemaiy anomonium groups (aniwi ^hangmg), incubating 

29 for 120 minutes at 20 to 24«'C, arwl subjecting the bound biomolecules to gas phase ion spectrometry as 

30 described iii anotiiOT section. 

31 ^ ^ • 

-32 - According to tiie mventioij a biomolecule with the molecular mass of 17630 Da.± 88 Da. is detected 

33 by diluting tiie biological sample 1:5 m a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

34 CHAPS, 1% nfr, and 2% Amidioline, and then 1:10 in biouding buffer consisting of 0.1 M Tis-HCl, 

35 o.02»/o Triton X-100 at iffl 8.5 at 0 to 4«'C, applying thm treated san^ 

36 comimSingpbsitivdbr charged (cationic) <Fiat«ina^ 

37 for 120 minutes at 20 to 24*'C, and subjecting the bound biomolecules to gas phase ion spectrometry as 
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1 described in another section. 
2 

3 According to the invention, a Womolecule with the molecular mass of 18133 Da ± 91 Da is detected 

4 by diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

5 CHAPS, 1% DTT. and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

6 0.02% THton X-100 at pH 8.5 at 0 to 40C, applying thus tieated sample to a biologically active surfece 

7 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

8 for 120 minutes at 20 to 24«'C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

9 described in another section. 
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11 In one embodunent of the mvention, biological samples used to generate a database of mass profiles 

12 for healthy su^ects, sulgects having a precancerous lesion, subjects having an epithelial cancer. 

1 3 subjects having a metastasised epithelial cancer or subjects having an acute and chronic mflammation 
of the qnthehmn. may be of blood, blood serum, plasma, nipple aspirate, urine, semen, seminal fluid, 
seminal plasma, prostatic fluid, excreta, tears, saliva, sweat, biopsy, ascites, cerebrospinal fluid, milk, 
lymph, or tissue extract origin. Preferably. Wological sanq>les are of blood, blood serum, plasma, 
urine, excreta, prostatic fluid, biopsy, ascites, lymph or tissue extract origin. More preferred are blood, 
blood serum, plasma, urine, excreta, biopsy, lymph or tissue extract samples. Even more prefoned ar^ 
blood serum, urine, excreta or biopsy samples. OveraU preferred are blood serum samples. 



14 

15 

16 

17 

18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

29 both. 
30 
31 
32 
33 
34 
35 
36 
37 



Furthermore, the biological 8anq>les related to the invention are isolated from subjects considered to 
be healthy, having a precancerous lesion, havmg an epithelial cancer, having a metastasised epithelial 
cancer or having an acute and chronic mflammation of the epithelium. Said subjects are of mammalian 
origin, preferably of primate origin. Even more preferred axe subjects of human origin. 

A sul?ject of the invention that is said to have a precancerous lesion, displays preliminary stages of 
cancer (i.e. Dysplasia), wherein a ceU and/or tissue has become susceptible to the development of a 
cancer as aresult of either a genetic predisposition. e>^K>sare to a cancer-causing agent (carcmogen) or 



A genetic pr^osition may include a predisposition for an autosomal dominant inhmted cancer 
syndrome which is generaUy mdicated by a strong fenuly history of uncommon cancer and/or an 
association wtth a specific maricer phenotype (e.g. femiUal adenomi,us polyps of the colon), a 
feniilial cancer wherein an evident clustering of cancer is observed but the role of mherited 
predisposition may not be clear (e.g. breast cancer, ovarian cancer, or colon cancerX or an autosomal 
recessive ^drome characterised by chromosomal or DNA instability. Wheiea?. cancer-cansmg 
agents inctode agents that cause genetic damage and induce neoplastic transformation of a ceU. Such 
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1 agents &U into three categories: 1) chemical carcinogens such as aSQrlatmg agents» polycydic 

2 aromatic hydrocarbons, aromatic amines, azo dyes, nitrosamines and amides, asbestos, vinyl chloride, 

3 chromium, nickel, arsenic, and naturally occurring caicinogCTS (e.g. afiotoxin Bl); 2) radiation such as 

4 ultraviolet (UV) and ionisation radiation including electromagnetic (e.g. x-r^s, y-rays) and particulate 

5 radiation (e.g. a and P particles, protons, neutrons); 3) viral and microbial carcinogens such as human 

6 Papillomavirus (HPV), Epstein-Barr virus (EBV), hepatitis B virus (HBV), human T-cell leukaemia 

7 virus type 1 CHTLV-1), ox Helicobacter pylori. 
8 

9 Alternatively, a subject mthin the invention ihst is said to have an epithelial cancer possesses a cancer 

10 that arises finom epithelial cell origin. Such cancers may include, but are not limited to, breast, lung, 

11 gastrointestinal, prostate, ovarian, cervical^ endometrial cancers, bladder and/or other canc^ of 

12 epithelial origin. In addition, gastrointestinal cancers can be further sub-divided according to the 

13 location of the cancer within the gastrointestinal tract. For example, gastrointestinal cancers include, 

14 but are not limited to, oesophageal, stomach, small intestine, colon, rectal, pancreatic, gallbladder, 

1 5 liver, and biliary tract cancers. An epithelial canc^ related to the invention may also be referred to as a 

1 6 neoplasm of epithelial origfai. 
17 

1 8 Within the context of the invention, cancers of epithelial origin may also be of various stages, wherein 

1 9 the staging is based on the size of the primary lesion, its extent of spread to regional lymph nodes, and 

20 the presentee or abs^ice of blood-bome metastases (m^astatic epithelial cancers) [e.g. ductal 

21 carcinoma in situ (DCIS)]. The various stages of a cancer may be identified using staging systems 

22 known to those skilled in the art [e.g. Union Internationale Centre CancCT (UICC) system or American 

23 Joint Committee on Cancer (AJC)]. Also included are different grades of said cancers, wher^ the 

24 grade of a cancer is based on the degree of differentiation of an acute and chronic inflammarion of the 

25 epithelium cells and the number of mitoses within the an acute and chronic inflammation of the 

26 epitheUum as a correlation to a neoplasm's aggression. 
27 

28 The invention pertains to breast, lung, gastrointestinal, prostate, ovarian, cervical, endometrial or 

29 bladder cancer, and any stage and/or grade thereof. Preferred cancers of the invention are breast, lung, 

30 gastrointestinal, prostate, ovarian cancer, and any stage and/or grade thereof. More preferred are 

31 breast, lung, gastrointestinal cancer and any stage and/or grade thereof. Even more preferred are 

32 gastrointestinal cancers and any stage and/or grade thereof 

33 

34 Furthermore, other cancers of epithelial origin known to those skilled in the art also within the context 

35 pf the invention. . , . - 

' 2^6 . • • • ' 

37 Healthy individuals, as related to certain embodiments of the invention, are those that possess good 
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1 health, and demonstrate an absence of an epithelial cancer or an acute and chronic inflaxmnatiQn of the 

2 qpithelium. Moreover, sutgects d^onstiate an absence of breast» limg, gastrointestinal, prostate, 

3 ovarian, cervical, endometrial, and/or other cancers of epithelial origin. 
4 

5 c^ Biomolecules 

6 The differential expression of biomolecules in samples, from healthy subjects, subjects having 

7 precancerous lesions, subjects having an epithelial cancer, subjects having metastasised qpithelial 

8 cancer, and subjects having an acute and chronic inflammation of flie epitheliimi, allows for the 

9 differential diagnosis of an acute inflammatory disease m a cancer of epithelial origin in a subject. 
10 

1 1 Biomol^ules are said to be specific for a particular clinical state (e.g. healthy, precancerous lesion, 

12 epithelial cancer, metastasised qpithelial cancer, an acute and chronic inflammation of the epithelium) 

13 when they are present at different levels within samples taken Srom subjects in one clinical state as 

14 compared to samples taken from subjects fix>m other clinical states (e.g. in subjects with a 

1 5 precancerous lesion vs. in subjects with metastasised epithelial cancers). Biomolecules may be present 

16 at elevated levels, at decreased levels, or altogetibier absent within a sample taken from a subject in a 

17 * particular clinical state (e.g. healthy, precancerous lesion, epithelial cancer, metastasised epithelial 

1 8 cancer, an acute and chronic inflammation of the epithelium). For example, biomolecules A and B are 

19 foimd at elevated levels in samples isolated from healthy subjects as compared to samples isolated 

20 from subj^ts having a precancerous lesion, an epithelial cancer, a metastatic epithelial cancer or an 

21 acute and chronic inflammation of the epithelium. Whereas, biomoleciiles X, Y, Z are found at 

22 elevated levels and/or more frequently in samples isolated from subjects having precancerous lesions 

23 as opposed to subjects in good health, haviug an epithelial cancer, a metastasised epithelial cancer or 

24 an acute and chronic inflammation of the epithelium. Biomolecules A and B are said to be ^ecific for 

25 healthy subjects, whereas biomolecules X,Y,Z axe specific for subjects having a precancerous lesion. 
26 

27 Accordingly, the dififermtial presence of one or more biomolecules found in a test sample compared to 

28 samples fit>m healthy subjects, subjects with a precancerous lesion, an qpithelial cancer, a 

29 metastasized epithelial cancer, or an acute and chronic inflammation of the epithelium, or the mere 

30 detectton of one or more biomolecules in the test sample provides useful information i^rding 

31 probability of whether a subject being tested has a precancerous lesion, ^idielial cancer, a 

32 metastasized epithelial cancer or an acute and chronic inflammation of the epitheliunu Hie probability 

33 that a subject being tested has a precanc^us lesion, an epithelial canc^, a metastasized epithelial 

34 cancer or an. acute and chronic inflammation of the q>ithelium depends on whether the quantity of one 

35 or more biomolecules in a {est sanq>le taken from said subject is statistically significantly different 

36 fionoL the quaiitity of one or more biomolecules in a biological sample taken jQnom healthy subjects, 

37 subjects having a precancerous lesion, an epithelial cancer, a metastasised q>itheliai cancer, or an 
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1 ar!lt? and ^hr^i^ wflaixitTnatinn nf tlie epitfieHiitn. 

3 A biomolecule of the invention may b e any molecule that is produced by a cell or living organism, and 

4 may have any biochemical property (e.g. phosphorylated proteins^ positively charged molecules, 

5 negatively charged molecule, hydrophobidty, hydrpphilicity), but preferably biochemical properties 

6 that allow binding of the biomolecule to a biologically active surface comprising positively charged 

7 quaternary ammonium groiq>s after denaturation in 7 M urea, 2 MMourea, 4% CHAPS, 1% DTT, and 

8 2% Ampholine and dihition in 0.1 M Tis-HCl, 0.02% TWton X-100 at pH 8.5 at 0 to 4^C followed by 

9 incubation on said biologically active sur&oe for 120 nunutes at 20 to 24^C* Such molecules include, 

10 but are not limited to, molecules comprising nucleotides, amino acids, sugars, fttty acids, 5t@x>ids, 

11 nucleic acids, polynucleotides (DNA or RNA), polypeptides, proteins, antibodies, carbohydrates, 

12 Iqpids, and combinations thmof (e.g., ^ycoproteins, ribonucleoproteuis, lipoproteins). Pref^ably a 

13 biomolecule may be a nucleotide, polynucleotide, peptide, protdn or fragments tiiereof. Even more 

14 preferred are peptide or protein biomolecnles. 
15 

1 6 The biomolecules of the invention can be detected based on specific sample pre-treatm^t conditions, 

17 the pH of binding conditions, the type of biologically active surfece used for the detection of 

1 8 biomolecules within a given sample and their molecular mass. For example, prior to the detection of 

19 the biomolecules described herein, a givra sample is pre-treated by dilutiag 1:5 in a denaturation 

20 buffer consisting of 7 M urea, 2 M thiourea, 4% CHAPS, 1% DTT, and 2% ampholine. The denatured 

21 sample is th^ diluted 1:10 in 0.1 M Tis-HCl, 0.02% Triton X-100, pH 8.5, applied to a biologically 

22 active surface comprising positively-charged quaternary aimnomum groups (cationic) and incubated 

23 using specific buffer conditions (0.1 M Tis-HCl, 0.02% Triton X-100, pH 8.5) to allow for binding of 

24 said biomolecules to the above-mentioned biologically active surface. It should be noted that although 

25 the biomolecules of the invention are detected xising a cationic adsorbent positively charged 

26 quaternary ammonimn groups, as well as specific pre-treatment and binding conditions, the 

27 biomolecules are capable of bindiog other types of adsorbents, as described below, using ahemative 

28 pre-treatment and binding conditions known to those skilled in the art. Accordingly, some 

29 embodiments of the invention are not lunited to the use of cationic adsorb^ts. 
30 

31 . Tlie biomolecules of tiie invention inclucle biomolecules having a molectdar mass selected from the 

32 gmap ccxadistiiig of 1516 Da j: 8 Da, 1535 D«a ± 8 Da, 2020 Da ± 10 Da, 2022 Da ± 10 Da, 2050 Da ± 

33 10 Da, 3946 Da ± 20 Da, 4104 Da ± 21 Da, 4154 Da db 21 Da, 4298 Da ± 21 Da, 4360 Da ±^ 22 Da, 

34 4477Da±22Da,4867Da±24Da,4958Da±25Da,4968Da.±25Da,5474Da±27Da,5491Da± 

35 27 Da, 5650 Da ±28 Da, 6449 Da ±32 Da, 6876 pa ±34 Da, 7001 Da ±35 Da, 796? Da ±40 Da, 

36 8232Da±41Da,8711E>a±44Da, 10665 ba±53 Da, 12471 Da±62ba, 12504 Da ± 63 Da, 12669 
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1 Da± 63 Da, 13989 Da ± 70 Da, 15959 Da ± 80 Da, 16164 Da ± 81 Da, 17279 Da d: 86 Da, 17406 Da 

2 :k 87 Da, 17630 Dadb 88 Da, or 18133 Daab 91 Da. 
3 

4 Accoiding to the invration, a biomolecule with the molecular mass of 1516 Da 8 Da is d^ected by 

5 diluting the biological sample 1:5 in a denatoration buff^ consisting' of 7 M niea, 2 M thiourea, 4% 

6 CHAPS, Wo DTT, and 2% Anq>holine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

7 0.02% Triton X-100 at pH 8.5 at 0 to 4''C, applying thus treated sample to a biologically active sur&ce 

8 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubatrog 

9 for 120 minutes at 20 to 24°C, and subjecting the bound biomolecules to gas phase icm spectrometry as 
10 desoibed in another section. 

11 

1 2 According to the invention, a biomolecule with the molecular mass of 1^35 Da ^ 8 Da is detected by 

13 diluting the biological sample 1 :5 in a. denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

14 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in buiding buffer consisting of 0.1 M Tis-HCl, 

1 5 0.02% Triton X-100 at pH 8.5 at 0 to 4''C, applying thus treated sample to a biologically active surface 

1 6 comprising positively charged (oatiotdc) quatmiary ammonium groups (anion exchanging), incubating 

1 7 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

18 described in another section. 
19 

20 According to the invention, a biomolecule with the molecular mass of 2020 Da :t 1 0 Da is detected by 

21 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M xurea, 2 M thioiffea, 4% 

22 CHAPS, 1% DTT, and 2% Ampholine, and then 1 : 10 in binding buffer consisting of 0. 1 M Tis-HCl, 

23 0.02% Triton X-100 at pH 8,5 at 0 to 4°C, applying thus treated sample to a biologically active surface 

24 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

25 for 120 minutes at 20 to 24®C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

26 desoibed in another section. 
27 

28 According to the invention, a biomolecule with the molecular mass of 2022 Da d: 1 0 Da is detected by 

29 diluting the biolo^cal sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

30 • CHAPS, 1% DTT, and 2% Ampholine, and tiien 1:10 in bindmg buffer consisting of 0.1 M Tis-HCl, 

3 1 0.02% Triton X-100 at pH 8.5 at 0 to 4''C, applying thus treated sample to a biologically active sur&ce 

32 comprising iK)sitively charged (catiomc)qu^ 

33 foi: 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to geus phase ion spectrometry as 
'34 described in anoUier section. 

35 

36 According to. the invention, a biomolecule with the molecular mass of 2050 Da ± 10 Da is detected by 

37 dilutmg the biological sample 1:5 in a detiaturation buffer consisting of 7 M urea, .2 M thioureai, 4% 
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1 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buflFer consisting of 0.1 M Tis-HCl, 

2 0.02% Triton X-100 at pH 8.5 at 0 to 4*^0, applying thus treated sample to a biologically active surface 

3 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

4 for 120 minutes at 20 to 24°C, and subjectmg the bound biomolecules to gas phase ion sfpectrometry as 

5 described in another section. 
6 

7 According to the invention, a biomolecule widi the molecular mass of 3946 Da i: 20 Da is detected by 

8 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

9 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in bmding buffer consisting of 0.1 M Tis-HCl, 

10 0.02% Triton X-100 at pH 8.5 at 0 to 4^C, applying tims treated sample to a biologically active sva^e 

1 1 comprising x>ositiveLy charged (cationic) quaternary aaunonium groups (anion exchangmg), incubating 

12 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

13 described in another section. 
14 

1 5 According to the invention, a biomolecule with the molecular mass of 4104 Da db 21 Da is detected by 

16 diluting the biological sample 1:5 in a dmaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

17 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 hi binding buffer consisting of 0.1 M Tis-HCl, 

1 8 0.02% Triton X-100 at pH 8.5 at 0 to 4°C, flying thus treated sample to a biologically active sur&ce 

1 9 comprising positively chared (cationic) quaternary ammonium groins (anion exchangmg), incubating 

20 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

2 1 described in another section. 
22 

23 According to the invention, a biomolecule with the molecular mass of 4154 Da dk 21 Da is detected by 

24 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

25 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

26 0,02% Triton X-100 at pH 8,5 at 0 to 4*^0, applying thus treated sample to a biologically active surface 

27 comprising positively charged (cationic) quaternary ammonium groups (anion exchangmg), incubating 

28 for 120 minutes at 20 to 24°C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

29 described in another section. 
30 

3 1 According to the invention, a biomolecule with the molecular mass of 4298 Da ± 21 Da is detected by 

32 dilutiugthe biological sample 1:5 in a dCTaturation biiffer consisting of 7 M urea, 2 M thiourea, 4% 

33 CHAPS, 1% DTT, and 2% Ampholine, and fhea 1:10 in binding buffer consistiig of 0.1 M Tis-HCl, 

34 0.02% Triton X-100 at pH 8.5 at 0 to 4^C, applying thus tiea^tod sample to a biologically active surface 
. 35 comprising positively charged (cationic) quaternary aznmonium. groups (anion exchanging), incubating 

36 for 120 minutes at 20 to 24'^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

37 described in anoth^ section. 
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According to the invention, a biomolecule with the molecular mass of 4360 Da ± 22 Da is detected by 
dilntmg the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 
CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0 1 M Tis-HCL 
0.020/0 Triton X-100 at pH 8.5 at 0 to 40C, applying thus treated sample to a biologicaUy active surfece 
compd^ positively charged (cationic) quaternary ammonium grox„s (anion exchanging), incubatmg 

for 120 mimites at 20 to 24-0, and subjecting the bound biomolecules to gas phase ion specto^ 
described in another section. 

Accordmg to the invention, a biomolecule with the molecular mass of 4477 Da ± 22 Da is detected by 
dduting the biological sample 1:5 in a denaturation buffer consistmg of 7 M urea, 2 M thiourea, 40/0 
CHAPS. 1% DTT. and 2o^ Anq>hoIine, and then 1 : 1 0 in binding buffer consisting of 0 1 M Tis-HCl, 
0.02% IHtonX-lOOatpH 8.5 at0to4-C, flying thus tr«ted sample toabiologic^^ 
comprisii^positively charged (cationic) quat^ ammonium groups (anion exchanging), incubatmg 

forl20mHmtesat20to24oc,andsul,ectmgtheboundbiamoleculestogasphasei^ 
described in another section. 

According to the invention, a biomolecule with the molecular mass of 4867 Da ± 24 Da is deu^ 
drlutmg the biological sample 1:5 m a denaturation buffer consisthig of 7 M urea, 2 M thiour^ 4% 
CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in bindmg buffer consisting of 0.1 M Tis-HQ 
0.020/0 TritonX-lOO at pH8.5at0to 40c, flying thus treated sampletoabiologic^ 
comprismg positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

forl20minutesat20to24-C,ands„bjectingtheboundbiomoleculesto8asphaseionspecta^ 
described in another section. 

According to the invention, a biomolecule with the molecular mass of 4958 Da ± 25 Da is detected by 
drlutmg the biological sample 1:5 in a denaturation buffer consistmg of 7 M urea, 2 M thiourea. 4% 
CHAPS, 10/0 DTT, and 2o/. Ainpholine, and then 1:10 m bindmg buffer consistmg of 0.1 M -ns-HCL 

0.02o/„TritonX-lOO atpH 8.5 at0to4oc, applying thus treated sample toabiologicaU^ 
comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), hicubating 

forl^tesat20.to24oc,andsubjectmgtheboundbiomoleculesto^ 



*tebg to hWoi^d «mpte 1:5 i. a denaturation boar oon^Wng of 7 M 2 M tIno««a. 4% 
CH^ l%urr. a.d254 An,^ and fl>=n 1:10 in binding bnfib, cops,^ „r o.l M MO. 
002^1«*X-l«,«^Ma.0.o4'C.appl,ingtbns.««sao.p,.t..bioU>g^^^ 
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1 comprising positively charged (cationic) quaternary ammoniian groups (anion exchanging), incubating 

2 for 120 nmmtes at 20 to 24^C» and subjecting tiie bound biomolecades to gas phase ion spectrometry as 

3 described in another section. 
4 

5 Accoxding to the invention, a biomolecule with the molecular mass of 5474 Da db 27 Da is d^ected by 

6 dihiting the biological sample 1:5 in a denatoration buffer consisting of 7 M urea, 2 M thiourea, 4% 

7 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

8 0.02% Tnion X-100 at pH 8.5 at 0 to 4°C, applying thus treated sample to a biologically active sur&ce 

9 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

1 0 for 120 minutes at 20 to 24^C» and subjecting the bound biomolecules to gas phase ion spectrometry as 

11 described in anoth^ section. 
12 

13 According to the invention, a biomolecule with the molecular noass of 5491 Da =t 27 Da is detected by 

14 diluting the biological sample 1:5 in a denatoration buffer consisting of 7 M urea, 2 M thiourea, 4% 

15 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in bmding buffer consisting of 0-1 M Tis-HCl, 

16 0,02% Triton X- 1 00 at pH 8.5 at 0 to 4^C^ applying thus treated sample to a biologically active sur&ce 

1 7 comprising positively charged (cationic) quaternary ammonium groiips (anion exchanging), incubating 

1 8 for 120 minutes at 20 to 24''C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

19 described in another section. 
20 

21 According to the invention, a biomolecule with the molecular mass of 5650 Da ± 28 Da is detected by 

22 diluting the biological sample 1 :5 in a denatoration buffer consisting of 7 M urea, 2 M thiourea, 4% . 

23 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 m binding buffer consisting of 0,1 M Tis-HCl, 

24 0.02% Triton X-100 at pH 8.5 at 0 to 4*'C, applying thus treated sample to a biologically active surface 

25 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

26 for 120 minutes at 20 to 24**C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

27 described in another section. 
28 

29 According to the invention, a biomolecule with the molecular mass of 6449 D^ :i: 32 Da is detected by 

30 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

31 CHAPS, 1% DTT, and 2% Ampholine, and tiien 1:10 in bindmg buffer consisting of 0.1 M Tis-HCl,' 
-32- - - 0.02% Triton X-lOO atpH 8.5 at.Q to 4^C, applying tims treated sample to a biologically active surfiice 
33 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

. 34 for 120 minutes at 20 to 24^0, and subjecting the bound biomolecules to gas phase ion spectrometiy as 

35 described in another section. 

■ . . ........ 

.36 , , . . / ■ ■ r- • : ; \ ' ■ . .; . 

37 According to the inv^tion, a biomolecule with the molecular mass of 6876 Da i: 34 Da is detected by 
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1 diluting fhe biological sample 1:5 in a denaturation bujSer consisting of 7 M urea, 2 M thiourea, 4% 

2 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

3 0.02% Triton X-100 at pH 8 J at 0 to 4^C^ applying thus treated san^le to a biologically active sur&ce 

4 comprising positively chaxged (cationic) quaternary ammonium groups (anion exchanging), incubating 

5 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion ^ectrometry as 

6 described in another section. 
7 

8 According to the invention, a bicmiolecule with the molecular mass of 7001 Da ± 35 Da is detected by 

9 diluting the biological sample 1:5 in a denaturation bufG^ consisting of 7 M urea, 2 M thiourea, 4% 

10 CHAPS, 1% DTT, and 2% An^holine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl» 

1 1 0.02% Triton X-100 at pH 8.5 at 0 to 4*^0, iqyptying thus treated sample to a biologically active sur&ce 

12 comprising positively charged (cationic) quaternary ammomum groups (anion exchanging), incubating 

1 3 for 120 minutes at 20 to 24°C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

14 described in another section. 
15 

1 6 According to the invention, a biomolecule with tiie molecular mass of 7969 Da ± 40 Da is detected by 

17 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

18 CHAPS, 1% DTT, and 2% Amplioline, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

1 9 0.02% Triton X-100 at pH 8.5 at 0 to 4*^0, flying thus treated sample to a biologically active surfece 

20 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

21 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

22 desoibed in another section. 
23 

24 According to the invention, a biomolecule with the molecular mass of 8232 Da ± 41 Da is detected by 

25 diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiotuea, 4% 

26 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

27 0.02% Triton X-100 at pH 8.5 at 0 to 4''C, applying thus treated sample to a biologically active sur&ce 

28 comprising positively charged (cationic) quaternary anunonium groups (anion exchanging), incubating 

29 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

30 described in another section. 

31 . ^ • 

32 According to the invention, abiomolecule with the molecular mass of 8711 Da d: 44 Da is detected by 

33 diluthig the biological sample 1:5 in a deoaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

34 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of O.I M Tis-HCl, 

35 0.02% Triton X-lOO at pH 8.5 at 0 to 4^C, inlying thus treated sample to a biologically active sur&ce 

36 comprising positiyely chaxged (cationic) quaternary ammomum sproups (amon exchanging), incubating 

37 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 
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1 described in anotfaier sectioii. 
2 

3 According to the invention, a biomplecule with the molecular mass of 10665 Da ± 53 Da is detected 

4 by dilutingthe biological sample 1:5 in a denaturadon buffer consisting of 7 M urea, 2 M thiourea, 4% 

5 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding Im&sac consisting of 0.1 M Tis-HCl, 

6 0.02% Triton X- 100 at pH 8.5 at 0 to 4^C, sqiplying fluis treated sample to a biologically active surface 

7 comprising positivdy chacged (cationic) quaternary anunonium groups (anion exchanging), incubating 

8 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

9 described in another section. 
10 

1 1 According to the invention, a biomolecule with fbe molecular mass of 12471 Da db 62 Da is detected 

12 by diluting the biological sample 1 :5 in a denatumtion buffer consisting of 7 M urea, 2 M thiourea, 4% 

13 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HO, 

14 0.02% Triton X-100 at pH 8.5 at 0 to 4''C, applying thus treated sample to a biologically active sur&ce 

1 5 comprising positively charged (cationic) qoatemazy ammonium gcaaps (anion exchanging), incubating 

16 for 120 nunutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

17 described in another section. 
18 

1 9 According to the invention, a biomolecule with the molecidar mass of 12504 Da ± 63 Da is detected 

20 by diluting the biological sample 1 :5 in a denaturation bufTer consisting of 7 M urea, 2 M thiourea, 4% 

21 CHAPS, 1% DTT, and 2% Ampholine, and Ihen 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 
'22 0.02% Triton X-100 at pH 8.5 at 0 to 4®C, applying thus treated sample to a biologically active surfece 

23 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

24 for 120 minutes at 20 to 24^C, and subjecting the boimd biomolecules to gas phase ion spectrometry as 

25 described in another section. 
26 

27 According to the invention, a biomolecule with the molecular mass of 12669 Da db 63 Da is detected 

28 by diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M wea, 2 M thiourea, 4% 

29 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

30 0.02% Triton X-100 at pH 8.5 at 0 to 4**C, applying thus treated sample to a biologically active sur&ce 

3 1 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

32 for 120 minutes.at20.to 24^C^ and subjecting the bound biomolecules to gas phase ion spectrometry as > 

33 described in anotiber section. 

35 According to the invention, a biomolecule with the molecular mass of 13989 Da ± 70 Da is detected 

36 by diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urra, 2 M thiourea, 4% 

37 CaiAPS, 1% DTT, and 2% Amph<rfine, and then 1:10 m bmdmg buffer consisting of 0.1 M Tis-HCl, 
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1 0.02% Tiiton X-IOD at pH 8.5 at 0 to 4°C, flying thus treated sample to a biologically active surfece 

2 comprisiBig positively charged (catiooic) quaternaiy anmiQimim groups (anion exchanging), incubating 

3 for 1 20 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometiy as 

4 described in another section. 
5 

6 According to the inv^ition, a biomolecule with the molecular mass of 159S9 Da db SO Da is detected 

7 by diluting the biological sample 1:5 inadenatuiationbufferconsistiiigof 7Minea,2Mthiour^4% 

8 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in Wnding buffer consisting of 0,1 M Tis-HCl, 

9 0.02% Triton X-100 at pH 8 J at 0 to 4**C, flying thus treated sample to a biologically active sur&ce 

1 0 comprising positively charged (cationic) quatemaiy ammonimn groups (anion exchanging)^ incubating 

1 1 for 120 minutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

12 described in another section. 
13 

14 According to the invention, a biomolecule with the molecular mass of 16164 Da ± 81 Da is detected 

15 by diluting the biological sample 1:5 in a denaturation b\jffer consisting of 7 M urea, 2 M thiourea, 4% 

16 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding bujBFer consisting of 0. 1 M Tis-HCl, 

17 0.02% Triton X-100 at pH 8.5 at 0 to 4^C, applying thus treated sample to a biologically active surface 

18 comprising positively charged (cationic) quatemaiy ammonium groiq>s (anion exchanging), incubating 

19 for 120 minutes at 20 to 24®C, and subjecting the boimd biomolecules to gas phase ion spectrometry as 

20 described in another section. 
21 

22 According to the invration, a biomolecule with the molecular mass of 17279 Da =fc 86 Da is detected 

23 by diluting the biological sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M thiourea, 4% 

24 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 ni binding buffer consisting of 0.1 M Tis-HCl, 

25 0.02% Triton X-100 at pH 8.5 at 0 to 4''C, applying thus treated sample to a biologically active sur&ce 

26 conqnising positively charged (cationic) quaternary anunonium groups (anion exchanging), incubating 

27 for 120 minutes at 20 to 24''C, and subjecting the bound biomolecides to gas phase ion ^)ectrometry as 

28 described in anoth^ section. 
29 

30 According to the invention, a biomolecule with tiie molecular mass of 17406 Dh ± 87 Da is detected 

31 by diluting the biological sample 1 : 5 i^ a d^turation buffer consisting of 7 M urea, 2 M thiourea, 4% 

••"*•. . - • •* 

32 CHAPS, 1% DTT, and 2% AmphoKne, aiid then 1:10 in binding bufifer consistmg of 0.1 M Tis-HCl, 

33 0.02% Triton X-100 at pH 8,5 at 0 to 4**C, flying thus treated sample to 

34 comprising positively charged (cationic) quaternary ammonium gro«q>s (anion exchanging, incubating 

35 for 120 minutes at 20 to 24®C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

36 described in another section. 

37 • '* * * - • . • 
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1 According to the inventloB, a biomolecule with the molecular mass of 17630 Da db 88 Da is detected 

2 by diluting the biological sample 1:5 in a denaturatiQn buffer consisting of 7 M urea, 2 M thiourea, 4% 

3 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 in binding buffer consisting of 0.1 M Tis-HCl, 

4 0.02% TViton X-100 at pH 8.5 at 0 to 4**C, applying thus treated sample to a biologically active sur&ce 

5 comprising positively charged (cationic) quaternary ammonium groups (anion exchanging), incubating 

6 for 120 ixiinutes at 20 to 24^C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

7 described in anotiber section. 
8 

9 According to the invention, a biomolecule with the molecular mass of 18133 Da dr 91 Da is detected 

10 by diluting the biological sample 1:5 in a denaturation bufTer consisting of 7 M urea, 2 M thiourea^ 4% 

1 1 CHAPS, 1% DTT, and 2% Ampholine, and then 1:10 m binding buffer consisting of 0.1 M Tis-HCl, 

12 0.02% Ititon X-100 at pH 8.5 at 0 to 4^C, flying tixus treated sample to a biologically active surface 

1 3 comprising positively charged (cationic) quateamary ammonium groups (anion exchanging), incutoting 

14 for 120 minutes at 20 to 24''C, and subjecting the bound biomolecules to gas phase ion spectrometry as 

15 described in another section. 
16 

1 7 Altfaoug}i said biomolecules were first identified in blood serum samples, their detection is not limited 

18 to said sample type. The biomolecules may also be detected in other samples types, such as blood, 

19 blood serum, plasma, nipple aspirate, urine, semen, seminal fluid, seminal plasma, prostatic fluid, 

20 excreta, tears, saliva, sweat, biopsy, ascites, cerebrospinal fluid, milk, lymph, or tissue extract 

21 Preferably, samples are of blood, blood serum, plasma, urine, excareta, prostatic fluid, biopsy, ascites, 

22 lymph or tissue extmct origin. More preferred are blood, blood serum, plasma, urine, excreta, biopsy, 

23 lymph or tissue extract samples. Even more preferred are blood serum, urine, excreta or biopsy 

24 samples. Overall preferred are blood serum samples. 
25 

26 Since the biomolecules can be sufficientiy characterized by their mass and biochemical characteristics 

27 such as the type of biologically active surface they bind to or the pH of binding conditions, it is not 

28 necessary to identify the biomolecules in order to be able to identify them in a sample. It should be 

29 noted that molecular mass and binding properties are characteristic properties of these biomolecules 

30 and not limitations on the means of detection or isolation. Furthermore, using the methods descrilijpd 

3 1 herein, or oth^ methods known in the ar^ the absolute identity of tiie mark^ can be determined. This 

32 is important-when one wishes to develop and/or screen for specie binding molecules, or to develop a 

33 . an assay for the detection of said biomolecules using specifix^ bind^ 

.34,. .;■ ■ ■■ .■.■•■^ ■ ■■• ; . * -. 

35 d^ Biologically Active Surfaces 

36 la one embodiment of tiie invention, biologically active surfaces include, but are not restricted to, 

37 surfaces that contain adsorbents such as quaternary ammonium groups (anion exchange surfaces). 
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1 cafboxylate groups (catioa exchaoge sur&cesX alkyl or aryl chains (hydrophobic interaction, reverse 

2 phase chemistty), groiips such as nitriloacetic acid that immobilize metal ions such as nickel^ gallinrr^^ 

3 copper, or zinc (metal affinity interaction), or biomolecuies such as proteins, preferably antibodies, or 

4 nucleic acids, preferably protein binding sequences, cOvalently bound to the sur&ce via caibonyl 

5 diimidazoie moieti^ or epoxy groups (specific afSni^ int^:action). Prefeired are adsorbents 

6 comprising anion exchange sur&ces. 
7 

8 These surfoces may be located on matrices like polysaccharides such as s^harose, e.g. anion 

9 exchange surfaces or hydrophobic interaction surfaces, or solid metals, e.g. antibodies coupled to 

10 magnetic beads. Surfaces may also include gold-plated surfaces such as those used for Biacore Sensor 

1 1 Chip technology. Other surfaces known to those skilled in the art are also included within the scope of 

12 the invention. 
13 

14 Biologically active surfaces are able to adsorb biomolecuies like amino acids, sugars, fatty acids, 

15 steroids, nucleic acids, polynucleotides, polypeptides, carbohydrates, lipids, and combinations thereof 

1 6 (e.g., glycoproteins, ribonucleoproteins, lipcproteios). 
17 

18 In another embodiment, devices that use biologically active sur&ces to selectively adsorb 

19 biomolecuies may be chromatography colunms for Fast Protein Liquid Chromatography (FPLC) and 

20 High Pressure Liquid Chromatography (HPLC), where &e matrix, e.g. a polysaccharide, carrying the 

2 1 biologically active sur&ce, is filled into vessels (usually referred to as '^columns") made of glass, steel, 

22 or synthetic materials like polyelherefherketone (PEEK). 
23 

24 In yet another embodiment, devices that use biologically active sur&ces to selectively adsorb 

25 bicnnolecules may be metal str^s carrying thin layers of the biologically active sur&ce on one or more 

26 spots of the strip sur&ce to be used as probes for gas phase ion spectrometry analysis, for example the 

27 SAX2 ProteinChip array (Ciphergen Biosystems, Inc.) for SELDI analysis. 
28 

29 e^ Mass Profiling 

30 In one embodhnent, the mass pcoSle of a sample may be generated using an array-based assay in 

31 which the biomolecuies of a given sample are bound by biochemi<^ or afSnity interactions to an 

32 adsorb^t present on a biologically active sur&ce located on a solid platform ("arrays or '*probe*^. 

33 . After the biomolecuies have bound to the adsorbent,' they are d^ec^ using gas phase ion 

34 spectsomeby. Biomolecuies or odier substances bound to the adsorbents on the probes can be analyzed 

35 usiog a gas phase ioa spectrometer. This includes, e.g., mass spectrometers, ion mobility 

36 spectrometers, or total ion current measuring devices. The quantity and characteristics of the 

37 biomolecole can be determined using gas phase ion spec t rom et r y . Other suhstarices in addition to the 
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1 biomolecule of interest can also be detected by gas phase ion q>ectrometty« 
2 

3 In one embodiment, a mass spectrometer can be used to detect biomolecules on the inrobe. In a typical 

4 mass spectrometer, a probe with a biomolecule is introduced into an inlet system of the mass 

5 spectrometer. The biomolecule is then ionized by an ionization source, such as a laser, &st atom 

6 bombardment, or plasma. The generated ions are collected by an ion optic assembly, and then a mass 

7 analyze disfperses and analyzes tiiie passing ions. Within the scope of this invention, the ionisation 

8 course that ionises the biomolecule is a laser. 
9 

10 The ions exiting the mass analyzer are detected by a ion detector. The ion detector then translates 

1 1 information of the detected ions into mass-to*K)harge ratios. Detection of the presence of a biomolecule 

12 or other substances will typically involve detection of signal intensity. This, in tmn, can reflect the 

1 3 quantity and character of a biomolecule bound to the probe. 
14 

15 Jn another embodiment, the mass profile of a sample may be generated using a liquid-chromatogrsrphy 

16 (LC)-based assay in which the biomolecules of a given sample are bound by biochenDUcal or affinity 

17 interactions to an adsorbent located in a vessel made of glass, steel, or syntiietic material; known to 

1 8 those skilled in the art as a chromatography column. The biomolecules are eluted from the biologically 

1 9 active surface by washing the vessel with appropriate solutions known to those skilled in the art. Such 

20 solutions include but are not limited to, buffers, e.g. Tris (hydroxymethyl) axninomethane 

21 hydrochloride (TRIS-HCl), buffers contaixiing salt, e.g, sodium chloride (NaCl), or organic solvents, 

22 e.g. acetonitrile. Biomolecule mass profiles are generated by application of the eluting biomolecules of 

23 the sample by direct connection via an electrospmy device to a mass spectrometer (LC/ESI-MS). 
24 

25 Conditions that promote binding of biomolecules to an adsorbent are known to those skilled in the art 

26 (reference) and ordinarily include parameters such as pH, the concentration of salt, organic solvent, or 

27 other competitors for binding of the biomolecule to the adsorbent. Within the scope of the inv^tion, 

28 incubation temperatures are of at least 0 to lOC^C, preferably of at least 4 to 60®C, and most preferably 

29 of at least 15 to 30^C. Varying additional parameters, such as incubation time, the concentration of 

30 detergent, e.g., 3-[(3-Cholamidoprc^yl) dimethylammonio]-2-hydro:gr.l-propanesulfonate (CSAPS^ 

31 or reducing agents, e.g. dithiothreitol (DTT), are also known to those skilled in tlie art. Various 
32* degrees of binding can be accomplished by combining the above stated conditions as needed, and will 
33. be readily apparent to those skilled in the arL - . . . 

.34 ■ ■'• ■ ■■ ■ ■■ • ■ '"• . ■■■■ 

35 Metfaods fi sr ^ftty»tfnp biomolecailes ^th?TI ? 'fflrri? 

36 In yet anoilier aspect, tbe hivraitidn relates to methods for detecting difTeraxtialty presoot biomolecules 

37 in a test sample and/or biological sample. Within the contect of the invention, imy suitable method can 
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1 be used to detect one or more of the biomolecules described herein. For example, gas pha^ ion 
spectrometry caa be used. IMS tedmique inchides. e.g.. laser 

Preferably, the test aud/or biological sample is prepaxBd prior to gas phase ion spectrometry e g ' 
pre-fiactionation, two^ensionai gel chromatogr^hy, high perfonnance Ucjuid chromato8i«,hy 
to assist detection of said biomolecules. Detection of said biomolecules can also be achieved Jsing 
methods other than gas phase ion q^ctiometr^^ 



2 
3 
4 

5 
6 



7 biomolecules within a sample. 
8 
9 



10 

11 

12 

13 

14 

15 

16 

17 

18 

19 



m one embodimeut, the test and/or biological sample is prepare! pdor to contacting a biologically 
ac^^ sux^ and is in aqueous W Examples said samples 

blood serum, plasma, n^le aspirate, urine, semen, seminal fluid, semmal plasma, prostatic fluid; 
te«.. sahva. sweat, asdtes. cerehiospmal fluid, milk, tymph. ortissue extract samples. Furthermore, 
sohd t^ and/or biological samples, such as excreta or Hopsy 
admued wrth an eh^nt usmg methods laK,wn to those sfciUed in the art SUA 
^yappUedtoabiologicallyactivesurfece. Test and/or biologio^ 

be fimher prepared using specific sohitions for denatmation Oue-treatoent) like sodmm dodecyl 
^te. mercaptoethanol. urea. ete. For example, a test and/or biological sample of the mvention can 
be den^ prior to cor^ a biologicaUy active surfece comprising of quaternary ammonmm 
^^sby chlu^g saM ^ple 1 :5 With a bufij. consi^ 



20 1% DTT and 2% an^holine, 
21 
22 
23 

i4 



sample is contacted with a biologically active surfece using any techniques inchrdmg bathing, 
^akmg dipping, spraying, washing over, or pipettmg. ete. Generally, a volmne of sample conteining 

fromafewatomolestoIOOpicomolesofabiomoleculemaboutlteSO^ 
omdmgofthebiomolecule to the adsorbent. 

26 



T^e pH val^ of the solvent in which the sample contacts the biologically active suxfece is a fbnction 

T '"^'^ "'^'"^ ^'^^^^ W-^- - -°Pl« « c-tacted 

^thabrolo^caUy active surfece under pH values between0andl4.prefe..blyW^ 
10^ m^pr^erably between 4.5 and9.0.andmostpreferably^ 

type of adsorbent present on a biologically active suifece and can be adjusted accordingly. 
33 ^-npIecancoutacttheadsoA^ 

35 ^Il^T^'^T^^^ 

^ for a peruKl of betw^ about 1 second and about 12 ho^^ 
seconds andabout 3 hours, andmostpreferably.foriao minutes. 
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1 The temperature at which the sample contacts the biologically active sur&ce (incubation temperature) 

2 is a function of the specific sample and the selected biologically active sutfiice. Typically, the washing 

3 solution can be at a temperature of between 0 and lOO^C, preferably between 4 and 37^C, and most 

4 preferably between 20 and 24**C- 
5 

6 For example, a biologically active suifece comprising of quat^nary ammonium gjcoxtps (anion 

7 exchange suifece) will bind the biomolecules described herein when the pH value is b^ween 6 J and 

8 9.0. Optimal binding of the biomolecules of the present invention occurs at a pH of 8.5. Furthermore, a 

9 sample is contacted with said biologically active sur&ce for 120 min. at a t^p^ature of 20 - 24 
10 

11 Following contacting a sample or sample solution vnfh a biological surfece, it is preferred to remove 

12 any unbound biomolecules so that only Ihe bound biomolecules remain on the biologically active 

13 surfece. Washing unbound biomolecules are removed by methods known to those skilled in the art 

14 such as bathing; soaking, dipping, rinsing, spmying, or washing the biologically active surfece with an 

1 5 eluent or a washing solution. A microfluidics process is prefi^rably used wh^ a washing solution such 

16 as an eluent is introduced to small spots of adsorbents on the biologically active surface. Typically, the 

17 washing solution can be at a temperature of between 0 and lOO^C, preferably between 4 and 37^C, and 

1 8 most preferably between 20 and 24''C. 
19 

20 Washing solution or eluents used to wash the unboimd biomolecules jfrom a biologically active surfece 

21 include, but are not limited to, organic solutions, aqueous solutions such as buffers wherein a buffer 

22 may contain detergents, salts, or reducing agents in appropriate concentrations as those known to those 

23 skilled in the art. 
24 

25 Aqueous solutions are preferred for washing biologically active surfeces. Exemplary aqueous 

26 solutions include, but not limited to, HEPES buffer, Tris buffer, phosphate buffered salme (PBS), and 

27 modifications thereof. The selection of a particular washing solution or an eluent is d^endent on oth^ 

28 experimental conditions (e. g., types of adsorbents used or biomolecules to be detected), and can be 

29 determined by those of skill in the art. For example, if a biologically active surface comprising a 

30 quaternary ammonium group as adsorbent (anion exchasoge suffece) is used, then an aqueous solutioxi, * 

31 such as a Tris buff^, may be preferred In another example, if a biologicaU 

*: 32- a carboxylate groiq> as adsorbient (cation exchange surfece) is used, then m aqueous solution, such as 

33 .»an acetate puffer, may be preferred. ... . ^ . . 

. .34 -'^ . ' ^ ' '* ■ , . 

35 Optionally, an energy absorbing molecule (EAM), e.g. in solution, qan be appUed to bioniolecules or 

36 other subs(tances bound on tiie biologically active surfece by spraying; pipetting or dipping. Applying 

37 an EAM can be done after xmbound materials are washed off of the biologically active surfece. 
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1 Exemplary energy absorbing molecules include, but are not limited to> dnnamic add derivatives, 

2 sin^inic acid and dihydroxybenzoic add. 
3 

4 Once the biologically active surfece is fiee of any unbound biomolecules, adsorbent-bound 

5 biomolecules are detected using gas phase ion spectrometry. The quantity and characteristics of a 

6 biomolecule can be detemiined using said method. Furthermore, said biomolecules can be analyzed 

7 using a gas phase ion spectrometer such as mass spectrometers, ion mobility spectrometers, or total 

8 ion current measuring devices. Other gas phase ion spectrometers known to those skilled in the art are 

9 also included. 
10 

11 In one embodiment, mass spectrometry can be used to detect biomolecules of a given sample present 

12 on a biologically active surfece. Such mefliods include, but are not limited to, matrix-assisted laser 

13 desoiption ionization/tfrne-of-flight (MALDI-TOF), surfece-enhanced laser desoiption 

14 iomzatiQu/ame-of-fligiht (SELDI-TOF). liquid chromatography coupled with MS, MS-MS, or 

15 ESI-MS, Typically, biomolecules are analysed by introducing a biologically active surface containing 

1 6 said biomolecules, ionizing said biomolecules to generate ionis that are collected and analysed. 
17 

18 In a prefencd embodiment, the biomolecules present in a sample are detected using gas phase ion 

19 spectrometry, and more preferably, using mass spectrometry. In one embodiment, matrix-assisted lasa- 

20 desoiptionylonizatiQn CMAU>r) mass spectrometry can be used. Jn MALDI, the sample is typically 

21 quasi-purified to obtain a fiactionthat essentially consists of amaiker usmg separation m^ds such 

22 as two-dimensional gel electrophoresis or hi^ perfonnance liquid chromatography (HPLC). 
23 

24 In another embodiment, sur&ce-enhanced laser desoiption/ionizatLon mass spectrometry ("SELDP) 

25 can be used. SELDI uses a substrate comprismg adsorbents to capture biomolecules, which can then 

26 be directly desorbed and ionized from the substrate surface during mass spectrometry. Since the 

27 substrate surfiace in SELDI captures biomolecules, a sample need not be quasi-puiified as ia MALDI. 

28 However, depending on the complexity of a sample and the type of adsorbents used, it may be 

29 desirable to prepare a sample to reduce its complexity prior to SELDI analysis. 
30 

31 For example, biomolecules bound, to a biologically active surfece can be introduced into an mlet 

32 system of the mass spectrometer. The biomolecules are then ionized by an ionization source such as a 

33 laser, fast atom bombardment, or plasma. The generated ions are then collected by an ion optic 

34 . assembly, and then a mass analyzer disperses the passing ions. The ions exiting the mass analyzer are 

35 detected by a detector and translated into mass-to-charge ratios. Detection of the pres^ce of a 

36 biomolecule typically involves detection of its. specific signal intensity, and reflects the quantity and 

37 charact^ of said biomolecule. 
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1 

2 In a piefeired embodimeat, a laser desozption time-of-fligbt mass spectrometer is used witili the probe 

3 of the preseat inv^tioiL In laser desoxption mass spectrometry, biomolecules bound to a biologically 

4 active sur&ce are introduced into an inlet system. Biomolecules are desorbed and ionized into the gas 

5 phase by a laser. The ions gen^ted are then collected by an ion optic assembly. These ions axe 

6 accelerated through a short higji voltage field and let drift into a big|i vacuum chamber of a time-of- 

7 flight mass analyzer. At the far end of the high vacuum chamber, the accelerated ions strike a sensitive 

8 detector sur&ce at a different tune« Since the time-of-flight is a fiinction of the mass of the ions, the 

9 elapsed time between ionization and impact can be used to identify the presence or absence of 
1 0 molecules of a specific mass. 

11 

12 The detection of biomolecules described herein can be enhanced using certain selectivity ccmditions 

13 (e. g., types of adsorbents used or washing solutions). In a preferred embodiment, the same or 

14 substantially the same selectivity conditions that were used to discover the biomolecules can be used 

15 in the methods for detecting a biomolecule in a sample. 
16 

17 Combinations of the laser desorption time-of-flig^ mass spectrometer with other components 

18 described herein, in the assembly of mass spectrometer that employs various means of desoxption, 

1 9 acceleration, detection, measurement of time, etc., are known to those skilled in the art. 
20 

21 Data generated by desorption and detection of markers can be analyzed with the use of a 

22 programmable digital computer. The computer program generally contains a readable medium that 

23 stores codes. Certain codes can be devoted to memory that include the location of each feature on a 

24 biologically active sur&ce, the identity of the adsorbent at that feature and the ehition .conditions used 

25 to wash the adsorbent. Using this information, the program can then identify the set of features on the 

26 biologically active surface defining certain selectivity characteristics (e. g. types of adsoxisrat and 

27 eluents used). The computer also contains codes that receive as data (input) on the strength of the 

28 signal at vaiious molecular masses received from a particular addressable location on the biologically 

29 active surface. This data can indicate the number of biomolecules detected, as well as the strength of 

30 ' the signal and the deterxnined molecular n:iass for each biomole^ 

31 . * 

32 Data analysis .can Jnctude dite steps of determining signal strength (e. g., height of peaks) , of a 

33 biomolecule detected and removing "^outliers" (data deviating from a predetermined statistical' 

34 distribution). For example, the observed peaks can be normalized, a process whereby the height of 

35 ' each peak relative to some reference is calculated. For exam^ 

36 generated by insbrandit axid chemicals (e..g., energy absorbmg mol^iile), which is set as zero in the 

37 scale. Then the signal strength detected for each biomolecule can be dispkyed in the fom 
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1 intenaities in the scale desired (e. g.. 100). Alternatively, a standard may be admitted with the sample 
^ so that a peak from the standaid can be used as a reference to calculate relative mtensities of the 



2 



3 signals observed for each Womolecule or other biomolecules detected. 
4 

5 



6 
7 
8 
9 



The computer can tiansfonn the resulting data into various formats for displaying. In one format. 
«fe««d to as -spectrum view", a standard- spectral view can be displayed, wherein the view depicts 
the quantity of a Womolecule reaching flxe detector at each particular molecular mass. In another 
fimnat. referred to as "scatter plot" only the peak height and mass m&rmation are retained fit«n the 
spectrmn view, yieldmg a cleaner hnage and enabhng Womolecules with neady identical molecular 



10 mass to be more visible. 
11 
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Usmg any of the above dispky formats, it can be readily deteimmed W the signal diq^^ 
bxomolecule having a particular molecular mass is detected flom a sanq,le. Pr«fen«i biomolecules of 
the mvention are biomolecules with an q,paient molecular mass of about 1516 Da ± 8 Da, 1535 Da ± 

8 Da. 2020 Da ± 10 Da. 2022 Da ± 10 Da, 2050 Da ± 10 Da. 3946 Da ± 20 Da. 4104 Da ± 21 Da. 
4154 Da:t21 Da. 4298 Da±21 Da. 4360 Da±22 Da. 4477 Da±22 Da. 4867 Da±24 Da. 4958 Da± 
25 Da. 4968 Da =fc 25 Da. 5474 Da ± 27 Da. 5491 Da ± 27 Da, 5650 Da ± 28 Da. 6449 Da =b 32 Da. 
6876Da±34Da.7001Da±35Da.7969Da=t40Da.8232Da±41Da.87UDa±44Da.l0665Da 

±53Da. 12471 Da±62Da, 12504Dad:63 Da, 12669Da±63Da. 13989Da±70Da, 15959Da±80 
Da. 16164 Da± 81 Da, 17279 Da± 86 Da, 17406 Da± 87 Da. 17630 Da± 88 Da. or 18133 Da± 91 
Da. Moreover, from ibc strength of signal, the amount of a Womolecule bound on the WologicaUy 



22 active surface can be detenninecL 
23 



24 g'^ Identifi cation of p rntfting 

25 In case the biomolecules of the hxvention ar. proteins, the present invention comprises a method for 
the identificatifln of these proteins, especially by obtaining their amino add sequence. This method 
comprises the purification of said proteins from the complex biological sample (blood, blood serum, 
plasma. nq,ple aspirate, urine, semen, seminal fluid, semmal plasma, prostatic fluid, tears. saUva. 
sweat, ascites. c«ebrospmal fluid, milk, lymph, or tissue extract samples) by fractionating said sample 
«sing techniques known by the one of ordinary skiU in the art. most preferably protem 

31 chromatogrq)l^(FPLC,HPLC). 
32 

Tie biomolecules of the invention include those piotefas with a molecular mass selected from 1516° 

Da±8Da, 1535 Da±8Da. 2020 DailODa. 2022 DailODa. 2050 Dad=10I^3946Da:fc 20 Da. 
41MDa±2ll^41MDa:..21Da.4298Da*21 Da. 43601^ 

37 «4?Da*32Da.6876Da±34Da.7(X)lDa±35Da.7969Da*40Da.8232Da^41Da,8711Da:. 
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1 44 Da, 10665 Da db 53 Da, 12471 Da ± 62 Da, 12504 Da ± 63 Da, 12669 Da i 63 Da, 13989 Da ± 70 

2 Da, 15959 Da ± 80 Da, 16164 Da ± 81 Da, 17279 Da ± 86 Da, 17406 Da ± 87 Da, 17630 Da ± 88 Da, 

3 or 18133 Dai: 91 Da. 
4 

5 Fuxtheimore, the method comprises the analysis of the factions for die presence and pxadty of said 

6 proteins by the method which was used to identify them as dififerentially expressed biomolecules, for 

7 ^cample two-dimensional gel electrc^horesis or SEUDI mass ^ectrometry, but most preferably 

8 SELDI mass spectrometry. The method also comprises an analysis of the purified proteins aiming 

9 towards the revealing of their amino acid sequence. This analysis may be performed using techniques 
10 in mass spectroscopy known to those skilled in the art 

11 

12 In one embodiment, this analysis may be performed using peptide mass fingerprinting, revealing 

13 information about the specific peptide mass profile aft^ proteolytic digestion of the investigated 

14 protein. 
15 

16 In another embodiment, this analysis may be preferably performed using post-source-decay (PSD), or 

17 MSMS, but most preferably MSMS, revealing mass information about all possible ftagments of the 

18 investigated protein or proteolytic peptides thereof leading to the amino acid sequence of the 

1 9 investigated protein of proteolytic peptide thereof. 
20 

21 The iofonnation revealed by the aforementioned techniques can be used to feed world-wide-web 

22 search engines, such as MS Fit (Protein Prospector, http'V/prospector.ucsfedu') for information 

23 obtamed from peptide mass fingerprinting, or MS Tag (Protem Prospector, http://prospectonucs£edu> 

24 for information obtained from PSD, or ixiascot (wwwjnatrixs(dCTice.com) for information obtained 

25 fit>m MSMS and peptide mass fingeiprintin& for the alignment of the obtained results with data 

26 available in public protein sequence databases, such as SwissProt (http:/Ais.e3q>asy.org/sprot/)> NCBI 

27 Cbttp://www.ncbij[ihnjuh.gov/BI^T/), EMBL Qxt(p://srs.CTibl-heidelbeig.de:8000/srs5/) which leads 

28 to a confident information about the identity, of said proteins. 
29 

30 This, infomiadon may comprise, if available. Hie complete amino acid sequence, the calculated 

3 1 molecular mass, the structure, the enzymatic activity, the physiological function, and gene expression 

32 . o£theinvesti^ted proteins. 

33 ' " " . 

34 h^Kits . ^. 

35 In yet another a^ct, the invention provides kits using the methods of the invention as described in the 

36 section Diagnostic for the differential diagnosis of epithelial cancers or an acute and chronic 

37 inflammation of the epithelium, wherein the kits are used to detect the biomolecules of ^tbe present 
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1 inventioiL 
2 

3 Hie biomolecules of the inventioii include those proteins with a molecular mass selected from 1516 

4 Da± 8 Da, 1535 Dai 8 Da, 2020 Da± 10 Da, 2022 Da± 10 Da, 2050 Da ± 10 Da, 3946 Dai 20 Da, 

5 4104Da±21 Da, 4154 Da ±21 Da, 4298 Da ±21 Da, 4360 Da ±22 Da, 4477 Da ± 22 Da, 4867 Da ± 
6 ' 24 Da, 4958 Da ± 25 Da, 4968 Da ± 25 Da, 5474 Da ± 27 Da, 549 1 Da ± 27 Da, 5650 Da ± 28 Da, 

7 6449 Da ± 32 Da, 6876 Da ± 34 Da, 7001 Da ± 35 Da, 7969 Da ± 40 Da, 8232 Da ± 41 Da, 871 1 Da ± 

8 44 Da, 10665 Da ± 53 Da, 12471 Da ± 62 Da, 12504 Da ± 63 Da, 12669 Da ± 63 Da, 13989 Da ± 70 

9 Da, 15959 Da ± 80 Da, 16164 Da ± 81 Da, 17279 Da± 86 Da, 17406 Da ± 87 Da, 17630 Da ± 88 Da, 
10 or 18133 Da± 91 Da. 

11 

12 For example, the kits can be used to detect one or more of differentially present biomolecules as 

13 described above in a test sample of subject. The kits of the invention have many applications. For 

14 . example, the kits can be used to dififetentiate if a subject is healthy, having a precanc^ous lesion, an 

15 epithelial canc^, a metastasized epithelial cancer or an acute and chronic inflammation of the 

16 ^ithelium. Thus aiding the diagnosis of epithelial cancers or diseases of epithelial origin. In another 

17 exan^le, the kits can be used to identify compounds that modulate ex^iression of said biomolecules. 
18 

19 In one embodimmt, a kit comprises an adsorbent on a biologically active sur&ce, wherein the 

20 adsorbent is suitable for binding one or more biomolecules of the invention, a denatuxation solution for 

21 tile pre-treatment of a sample, a binding solution, a washing solution or instructions for makmg a 

22 denatutadon solution, binding solution, or washing solution, wherein the combination allows for the 

23 detection of a biomolecule using gas phase icm spectrometry. Such kits can be prepared fiom the 

24 materials described in other inreviously detailed sections (e. g., denaturation buffer, binding buffer, 

25 adsorbents, washing solutions, etc.). 
26 

27 In some embodiments, the kit may comprise a first substrate comprising an adsorbent thereon (e. g., a 

28 particle fimctionalized with an adsorbent) and a second substrate onto which the first substrate can be 

29 positioned to form a probe, which is removably insortable into a gas phase ion spectrom^er. In other 
•30 embodiments, the kit may comprise a single substrate, which is in the form of a removably insertable 

31 probe with adsorbents on the isiibstrate. 

32 • . , 

33 . In another embodiment, a kit comprises a binding molecule that specifically binds to a biomolecule 

34 related to the invention, a detection reagent, appropriate solutions and instructions oa how to use the 

35 kit« Such kits can be prepared tcom the materials described above, and oihet materials known to those 

36 skilled in the art A binding molecule used within such a kit may include, but is not limited to, 

37 proteins, peptides, nucleotides, tiucl^c apids, hormones, amino acids, sugars, &tty adds, steroids. 
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1 polynucleotides, carbohydrates, lipids, or ^ a combinatioB thereof (e.g. glycpprotems, 

2 ribonucleoproteins, lipoproteins), compounds or synthetic noLolecules. Fref^bly, a binding molecule 

3 used in said kit is an antibody. 
4 

5 Jn dther embodiment, the kit may optionally further comprise a standard or control information so fhat 

6 the test sample can be compared mth fhe control information standard to detennine if the test amount 

7 of a marker detected in a sample is a diagnostic amount consistent with a diagnosis of prostate cancer. 
•8 

9 The present invention is fiirfher illustrated by the following examples, which should not be construed 

10 as limiting in any way. The contents of all cited references (including litemture references, issued 

11 patents, published patent applications), as cited throughout this application^ are hereby expressly 

12 incorporated by reference. The practice of the present invention will employ, unless otherwise 

13 indicated, conventional techniques of cell biology, cell culture, molecular biology, transgenic biology, 

14 microbiology, recombinant DNA, and immunology, which are known to those skilled in the art Sudbi 

1 5 techniques are explained &lly in the lit^:ature. 
16 

17 Examples 

18 

19 Example 1. Sample collection for gastric cancer evaluation in a subject (Set 1)* 

20 Serum samples were obtained from a total of 148 individuals, which included two different groups of 

21 subjects. In the jSrst group (group I), sera were drawn from 88 gastric cancer patients, undergoing 

22 diagnosis and treatment of gastric cancer at the Departments of Gastroenterology and Surgery of the 

23 Universities of Magdeburg and Cottbus. After endoscopy and histological confirmation of gastric 

24 csmcGc, serum samples were collected ficom the patients before any fiuther treatment In all cases the 

25 diagnosis was confirmed by histological evaluation prior to treatment Follow-iq) data for all gastric 

26 cancer patirats are currently collected and will be avails^le for later studies. 
27 

28 The non-cancer control groiip consisted of 60 subjects (39 &male, 21 male) with dyspeptic symptoms, 

29 which were recruited fix>m both primary care physicians and fhe outpatient clinic of the Departm^ of 

30 Gastroenterology. Serum firom each subject was taken following gastoointesimal endoscopy, wherein 

31 the absence of gastric cancdr was confirmed. Furthermore, all subjects denied a personal history of 

32 . cancer and were otherwise healthy. A follow-up on these patients was available for a maximum of five 

33 years, in which none of the patients developed gastric or colon <^c^. The average age of the subjects 

34 was 57 years (range 40-70 years). ' . 

35 ' • 

36 Example 2. Sample collection for colon cancer evaluatidn in a subject (Set 2). 
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1 Serum samples were obtained from a total of 134 individuals, which included two different groups of 

2 subjects. In the first group (groiip I), sera were drawn from 57 colon cancer patients, .imdergoing 

3 diagnosis and treatment of colon cancer at the Departments of Gastroent^x>logy and Surgery of the 

4 Universities of Magdeburg and Cottbus (both Gemiany). After endoscopy, serum samples were 

5 collected from the patients before any further treatment. In all cases the diagnosis was confirmed by 

6 histological evaluation prior to treatment Follow-iq) data for all colon cancer patients are currently 

7 collected and will be available fr>r later studies. 
8 

9 The non-cancer control group consisted of 77 healthy blood donors. Blood donors are considered to be 

1 0 healthy individuals not suffering from severe diseases. 
11 

12 Example 3. ProteinChip Array analysis. 

13 ProteinChip Arrays of the SAX2-type (strong anion exchan^r) were arranged into a bioprocessor 

14 (Ciphergen Biosystems, Inc.), a device that contains rxp to 12 ProteinChips and &cilitates processing 

15 of the PtoteinC3iips. 
16 

17 The ProteinChips were pre-incubated in the bioprocessor with 200 \il binding buffer (0, 1 M Tris-HCl, 

18 0.02% Tziton X-100, pH 8.5). 10 (il of serum s&aaple was diluted 1:5 in a buffer (7 M urea, 2 M 

19 thiourea, 4% CHAPS, 1% DTT, 2% ampholine) and again diluted 1:10 in the binding buffer. Then» 

20 300 (il of this mixture (equivalCTtto 6 original serum sample) were directly applied onto the spots 

21 of flie SAX2 ProteinChips. In betwem dilution st^s and prior to the application to the spots, the 

22 sample was kqpt on ice (at 0°C). After incubation for 120 minutes at 20 to 24 ^C the chips were 

23 incubated with 200 |il famding buffer, before 2 x 0*5 )xl EAM solution (20 m^ml sin^inic acid in 50% 

24 acetonitrile and 0.5% trifhioroacetic acid) was applied to the spots. 
25 

26 After air-drying for 10 min, the ProteinChips were placed in the ProtdnChip Reader (ProteinChip 

27 Biology System II, Ciphergen Biosystems, iuc.) and time-of*flight spectm were generated by laser 

28 shots collected in the positive mode at laser intensity 215, with the detector sensitivity of 8* Sixty laser 

29 shots pCT average spectm were p^oimed 
30 

3 1 Calibration of mass accuracy was performed by using the following mixture of mass standard calibrant 

32 proteins: Dynorphin A (porcine, 209 - 225, 2147.|0 Da), Beta-endoiphin (human, 61 - 91, 3465.00 

33 Da), Insulin (bovine, 5733.58 Da), and Cytochrome c (bovine, 12230,90 Da) at a concentration of 1J21 

34 pmol/jtl, and Myoglobin (equine cardiac, 16951.50 Da) at a concentration of 5.16 pmol/^L 

35 Zero point five ]il of this mixture were zpphod to a single spot of a H4 ProteinChip array. After air- 

36 drying of the drop, 2 x 1 |xl matrix solution (a saturated solution of sinapinic acid in 50% acetonitrile 
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1 0.5% trifluoxacetic acid) was applied to the spot The drop was allowed to air-dty for 10 min after each 

2 application of matrix solution. 
3 

4 The ProtdnChip was placed in the PxoteinChQ) Reader (Biology System Ciphergea Biosyst^ns, 

5 Inc.) and timeK>f-£lig|]t spectra were generated by laser shots collected in the positive mode at laser 

6 intensity 210, with the detector s^isitivity of 8. Sixty laser ^ots per average spectra were performed. 

7 Subsequently, llme-Of-Flight values were correlated to the molecular n:iasses of the standard protems, 
• 8 and calibration was performed according to the instrument manual. 

9 

1 0 Example 4. Peak detection and data analysis. 

1 1 The analysis of the data was performed by automatic peak detection and alignment using the operating 

12 software of the ProtdnChip Biology System II, the ProteinChip Software Version 3.01 (Cq)hergen 

13 Biosystemsy Inc.). 
14 

15 Each complete set of patients (Set 1 for gastric cancer and set 2 for colon cancer» see examples 1 and 

16 2) was divided into a training set and a test set. The train set for Set 1 comprised of 70 patients with 

17 gastric cancer and 48 patients without gastric cancer. The test set for Set 1 comprised of 18 randomly 

18 selected patients with gastric cancer and 12 randomly selected patients without gastric cancer. The 

19 train set for Set 2 comprised of 46 patients with colon cancer and 62 patients withoxit colon cancer 

20 (blood donors). The test set for Set 2 comprised of 1 1 randomly selected patients with colon cancer 

21 and 15 randomly selected patients without colon cancer (blood donors). Additionally, test sets for the 

22 train sets of sets 1 and 2 were compiled comprising of the at each case other set in complete (see 

23 details below). This was done in order to test the classification algorithm generated on the basis of the 

24 spectra of the subgroup of patients selected for each training set with the corresponding, blinded, test 

25 set and the test set of the, at each case, other complete set (see below). 
26 

27 The m/z values of all mass spectra selected for the analysis ranged between 1500 Da and 30000 Da, 

28 wherein smaller masses were not used since arte&cts with the *^ergy Absorbing Molecule, EAM" 

29 C^Matrix^ could not be exduded, and higher masses were not detected under the chosen experimental 

30 conditions. The spectra within the train sets were normalised according to the intensity of the total ion 
* 31 cuxzent, foUowed by baseline subtraction, and automatic peak detection as previously described by 

32 Adam et al* (xef.), using the "^iomarker Wizard" tool of the ItetemChip Software Version 3.0 

33 (Ciphergen Biosystem, Inc.). The following settmgs were chosen-for peak detection by '*Biomarker 

34 Wi^utd'*: a) auto-detect peaks to clust^, b) first pass: 3 signal/noise, c) irifriimnm peak threshold: 25% 

35 of all ^ectra, d) deletion of user-detected peaks below threshold, e) cluster mass wkidow: +/- 0.5% of 

36 mass. Using these settmgs, 66 signal clusters were idmtified for the train set of set 1 and 67 signal 

37 clusters were identified forflie train set of set 2. 
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1 

2 The normalization coefELdent generated by normalizing the spectra of the train sets and the cluster 

3 information of the train sets generated by the **Biomarker Wizard*^ tool of the software were saved and 

4 used to externally normalize the spectra of the corresponding test sets and to cluster the signals of the 

5 corresponding test sets according to the normalization and peaic identification of the train sets. 
6 

7 The cluster information for each train and test set (containing sample ID and sample groi;^, cluster 

8 mass values and cluster signal intensities for each spectrum within the sets) was transformed into an 

9 interchangeable data format (a .csv table) using the ^^Sample group statistics'' function of the 

10 '^Biomarker Wizard*' tool of the ProteinChip Software Version 3.0. In this format, the data can be 

1 1 analysed by a specific software for the generation of regression and classification trees (see examples 

12 5 to 7). 
13 

14 Example 5. Constnictlon of classifiers. 

15 Five classifiers with binary target variable (cancer versus non-cancer) were constmcted: Fkst, as a 

16 proof of principle^ two classifiers were constructed only on the basis of the two training sets described 

17 above. Second, two final classifiers were constructed on tibie basis of all available gastric or colon 

18 cancer data, fusing the conesponding training and test data sets. Third, a 2°^ final colon classifier was 

19 constructed analogously to flie first final colon cancer classifier but excluding the most ijodEbrmative 

20 and dominating mass of the first final colon classifier. 

21 Forward variable selection was ^plied in order to determine hig^y informative sets of variables 

22 C^attern^O for classification. The results of the present invention were generated using the *^CART^ 

23 decision tree approach (classification and regression trees; Bxetman et aL, 1984). Moreover, bagging 

24 of classifiers was qypUed to overcome typical instabilities of forward variable selection procedures, 

25 th^by inoreasing overall classifier performance (Breiman, 1994). 

26 More precisely, fisr each training set SO bootstrs^ samples were generated (sampling wiHi replacement, 

27 maximal 3 sample redraws). For each bootstrap sample a number of classifiers of dififerent complexity 

28 using 1, 2, . . ., iV^ variables were generated (N corresponds to classifier complexity allowing vanishing 

29 error on the respective training data) and evaluated (by resembling bootstrap samples, or also by cross 

30 validation; averaging performance of classifiers of same complexity). Then, classifier complexity was 

3 1 chosen according to minimal re-sampling (or cross validation) error and a classifier of this complexity 

32 was gen^ted on the req[>ective bootstrap sample. The such obtained SO single classifiera, one for each 

33 bootstrap sample, were combined to constitute an ensemble of classifiers predicting class memberahip 

34 by plurality vote. 

35 ' * • . - * 
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1 The procedure of classifier construction was conducted five times to obtain two classifiers, a proof-of- 

2 principle classifier and a final classifier, for gastric cancer and three classifiers, a proof-K>f--prindple 

3 classifier and two final classifiers, for colon cancer. 
4 

5 Example 6. Classifier structnre. 

6 For gastric cancer, the proof-of-principle classifi^ employed 23 masses out of 66 det^mined signal 

7 clusters. Single decision trees consisted of up to 5 variables (6 end nodes), 3 to 4 variables being 

8 typical, see histogram of Figure 5a. Variable importance was roughly deduced by the firequency with 

9 which variables appear in the decision tree ensemble (starting with most fi:equent variables, fiequency 

10 in brackets): 3946 Da (44), 7001 Da (20), 5491 Da (17), 10665 Da (14), 18133 Da (1 1), 4477 Da (9), 

1 1 6449 Da (8), 12471 Da (8), 7969 Da (7), 4154 Da (6), 4104 Da (5), 15959 Da (3), 1516 Da (2), 17905 

12 Da (2), 8711 Da (2), 18380 Da (1). 6876 Da (1), 13989 Da (1), 5113 Da (1), 9210 Da (1), 4298 Da (1), 

13 4867 Da (1), 5650 Da (1), see Figure 6a for the distribution of masses in the gastric cancer classifier 

14 ensCTxble. 
15 

16 The final classifier for gastric cancer employed 28 masses out of 66 determined signal clusters. Single 

17 decision trees consisted of up to 6 variables (7 end nodes), 3 to 5 variables being typical, see histogram 

18 of Figure 5b, Variable importance was roughly deduced by the frequency with which viariables appear 

19 in the decision tree ensemble (starting with most firequ^t variables, frequency in brackets): 3947 Da 

20 (48), 5492 Da (20), 5650 Da (13), 871 1 Da (12), 1516 Da (1 1), 10665 Da (1 1), 18133 Da (10), 6450 

21 Da (8), 13996 Da (7), 7971 Da (7), 4867 Da (7), 15960 Da (5), 4104 Da (5), 4477 Da (5), 4154 Da (3), 

22 4298 Da (3), 8232 Da (3), 2022 Da (3), 12471 Da (3), 16164 Da (1), 22473 Da (1), 17630 Da (1), 

23 4360 Da (1), 17279 Da (1), 2050 Da (1), 6881 Da (1), 17406 Da (1), 7006 Da (1), see Figure 6b fisr 

24 the distribution of masses in ihe final gastric cancer classifier ensemble. 
25 

26 For colon cancor, the proof-K>f-princq[>le classifier employed 6 masses out of 67 determined signal 

27 clusters. Single decision trees consisted of iq> to 2 variables (3 end nodes), 1 and 2 variables are 

28 typical, see histogram of Figure 5c. Variable importance was roughly deducefd by the fi:equency with 
- 29 which variables appear in the decision tree ensCTible (starting with most 

30 in brackets): 3947 Da (47), 1509 Da (11), 5653 Da (5), 4958 (3), 1535 Da (2), 2020 (1), see Figure 6c 

31 for the distribution ofniasses in the colon cancer classifi^ens^ble. 

32 [^^ 

33 The first final classifier for colon cancer empl6yed*6^masses out of 67 determined signal clusters. 

34 Single decision trees consisted of up to 3 variables (4 end nodes), 1 and 2 variables are typical, see 

35 histogram of Figure 5d. Variable importance was roug^y deduced by the frequency with which 
3S variables appear in the decision tree ensemble (starting with most firequetit variables, frequency in 



60 



1 taadcets): 3947 Da (47), 1509 Da (17), 5653 Da (7). 4958 Da (5), 1535 Da (2). 2020 Da (1), see 

2 Figuie 6d for the distribution of masses in the colon cancer classifier rasemble. 
3 

4 The second final classifio- for colon cancer employed 12 masses out of 67 detennined signal dusters. 

5 Single decision trees consisted of up to 3 variables (4 end nodes), 2 and 3 variables are typical. 

6 Variable importance was roughly deduced by the frequency with which variables appear in the 

7 decision tree ensemble (starting with most fiequent variables, fiequency in brackets): 4958 Da (40), 

8 5653 Da (29), 4158 Da (23), 1509 Da (12), 2020 Da (4), 12504 Da (4). 1535 Da (2), 12669 Da (2),' 

9 13808 Da (1), 7977 Da (1), 51 14 Da (1). 5474 Da (1). 
10 

11 The final dassifiers for gastric as well as colon cancer consist of more complex decision trees in 

12 a«»«lance with the larger data set for classifier constniction, compare Fi^ 

13 5c with 5d. For the final gastric classifier, the set of masses is increased fiom 23 masses Qwoof-of- 
prindple classifier) to 28 masses. The final gastric classifier comprises additionaUy the masses 2022 
Da (3). 2050 Da (1), 4360 Da (3), 8232 Da (3), 16164 Da (1), 17279 Da (1). 17406 Da (1), 17630 Da 
(1X22473 Da (l)while not usingthe masses 5113 Da (1), 9210 Da (1), 17905 Da (1), 18380 Da (l)of 

17 the proof-of-princq>le gastric classifier, respective firequencies are given in brackets. The first final 

18 colon classifier consists of tiie same masses as the proof-of-principle colon classifier. The second final 

19 colon cancer classifier comprises additionally the masses 4158 Da (23), 5114 Da (IX 5474 Da (1), 

20 7977 Da (1). 12504 Da (4). 12669 Da (2), 13808 Da (1) while not using the one expKcitly removed 
mass 3947 Da (47) of the proof-of-princqjle gastric classifier, respective fiequencies are given in 



14 
15 
16 



21 

22 brackets. 
23 
24 
25 
26 
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37 



Hie classifiers do not contain aU differentially expressed bio-molecules / proteins found in this study, 
niose not included in the classifier may gain high significance in classifier construction when larger 
sample sets are examined. Candidates for such masses are competitors and surrogates on the fir^ level 



27 of variable selection. 
28 



Competitors of mass 3947 Da for the final gastric classifier are (ordered according to importance) 
12471 Da, 5492 Da, 5650 Da, 4154 Da, 4968 Da, of which only the mass 4968 Da is not yet included 

31 in our current classifiers. Surrogates of mass 3947 Da for the final gastric classifier are 5492 Da, 4154 

32 Da. 12471 Da, 4968 Da. 5650 Da. of whidi again only the mass 4968 Da is not yet includedin our 

33 ■ current gastric dassifiexs. 
34 

Competitor* of mass 3947 Da for the first final colon classifier are 4958 Da, 5653 Da. 12504 Da, 
12669 Da, 1535 Da. of which only the masses 12504 Da. 12669 Da are not yet inchided in our current 
classifiers. Surrogates of mass 3947 Da for the first final colon classifier are (ordered according to 
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1 importance) 4958 Da, 5653 Da, 12504 Da, 5474 Da, 12669 Da, of which only the masses 12504 Da, 

2 5474 Da, 12669 Da are not yet included in our current classifiers. See Figure 4 for all differentially 

3 expressed biomolecules not included in the current classifiers. 
4 

5 Example 1. Classification performance. 

6 Classification perfomiance is det^mined for the two proof-of-principle classifiers. 

7 The gastric cancer classifier was evaluated on 3 test sets: 1. a gastric cancer test set consisting of 18 
8' gastric cancCT and 12 non-gastric cancer patients, 2. a colon cancer t^ set consisting of all 57 colon 
9 cancer and 77 remaining non-cancer patients, and 3. a combined gastric-colon cancer test set 

10 combixuiig test set 1 and 2 consisting of 18 gastric cancer, 57 colon cancer, and 89 non-cancer patients. 

1 1 Classifier performance was as follows: 
12 
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positive predictive value: 
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19 

20 The colon cancer classifier was also evaluated on 3 test sets: L a colon cancer test set consisting of all 

21 11 colon cancer and 15 non-cancer pati^ts, 2. a gastric cancer test set consisting of 88 gastric cancer 

22 and 60 non-gastric cancer patients, and 3. a combined gastric-colon cancer test set combining test set 1 

23 and 2 consisttog of 11 colon cancer, 88 gastric cancer, and 75 non-cancer patients. Classifier 

24 performance was as follows: 
25 



26 
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negative predictive value: 
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33 Examples. Text from a con'espondingpablication (not yet subniitted) 

34 Despite its decreasing incidence , gastric cancer remains the second most commoxi cause of cancer- 
35 ' related deaths in certain parts of the worid, wherein more than 1 noillion individuals die fix>m this 

36 disease every year. This poor prognosis is based on poor therapeutic options and iSa& late diagnosis of 

37 the disease in ad>^nced stages. The identification of gastric cancer in its early stages and the screening 
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1 of mdi^4duals vn\h an increased risk of developing gastric cancer woiild improve this prognosis 

2 dramatically. Unfortunately to date, no valid serum markers for gastric cancer Iiave bera identified. 

3 Using serum samples from 111 patients (50 patients with histologically confirmed gastric cancer at 

4 different clinical stages and from 61 non-cancer individuals tmdeigoing upper OI endoscopy for 

5 dyspq)sia), we screened for protein patterns to differentiate gastric cancer from non-<^cer individuals 

6 by sur&ce enhanced laser desoiption ionization (SELDI™) mass spectrometry using ProteinChip™ 

7 technology coiq>led with a pattern-matching algorithm. In total 80 clust^ were identified, from which 

8 a panel of 3 was selected. which s^arated cancerous samples from non-cancerous samples. Using a 

9 decision tree classification algorithm this panel of maricers was able to correctly classify 97.5% of 

10 gastric cancers and 97.8% of non-^cancerous individuals. A blind test set comprising of 9 stage I 

11 cancers and 15 randomly selected sem from non-cancerous controls was used to determine the 

12 sensitivity and specificity of these maricers. Interestin^y, 8 out of 9 cancers and 12 out of 15 non- 
13 cancerous samples were correctly classified, thus the sensitivity and specificity of this pattern for the 

14 test set was 88.9% and 80%, respectively. In addition, a further independent test set of 29 serum 

15 samples tskea from gastric cancer patients treated in 2 different hospitals was correctly classified as 

16 cancer in all cases. Serum protein fingerprinting by SELDI mass spectrometry allows for the 

17 separation of serum from gastric cancer patients from non-cancerous individuals and may identify 

18 eariy gastric cancers, indicating that proteome analysis in coxgunction with bioinfoixnatics may 

19 ikcilitate the identification of biomaxkers that could be used for the eariy detection of canc^ that 

20 would improve the overall poor prognosis of human cancers. 

21 i 

22 Using the ProtdnChip'™ Software, we first analysed &e peaks in the mass range of 1 200 to 30000 Da 

23 of 111 serum samples taken from patients of group I who were either diagnosed with ^istdc cancer or 

24 who presented with dyspeptic symptoms for exclusion of gastric cancer (Figure 1). Representative 

25 . protein spectra of two patients with and two patints without cancer are presented in figure 2. In order 

26 to assess leproducibilify of the SELDI £^>eGtra, we detennined the mass location and signal intensity of 

27 each sample on a single chip (intra-assay) and between chips (infer-assay) usmg all 111 pooled 

28 spectra. From ttiese spectra we chose three peaks in the range of 1200 to 30000 Da, i.e. 2020, 8483, 

29 13778 Da in order to determine standard deviation and the coefBcient of variance (Figure 3). Analysis 

30 of the inter-assay reprbducibilify revealed the following mean mass, SD and coefBcient of variance: 

31 protem 1: 2020.5 ± 0.89 Da (0.044%), protein 2: 8483.5 ± 5.81 Da (0.068%), protein 3: 13779.6 ± 

32 5^9 Da (0.04%). The intra-assay lepcoducibility vms assessed by the following proteuis: ptotdn 1: 

33 2020.7 ± 0.33 Da (0.016%), protem 2: 8479.3 ± 2.56 Da (0.03%) and protein 3: 13779.6 ± 52S Da 

34 (0.038%). For normalized intensity (peak heig^ or relative concentration) the intra-assay coefficients 

35 of variance were 9.93% (2020 Da), 17.7% (8483 Da) and 12.5% (13779 Da), white the inter-^say 

36 coefficients of variance were 15.1% (2020 Da). 21% (8483 Da) and 21.1% (13779 Da), respectively. 

37 i 
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1 Although eighty peaks were identified usisig fhe 'Biomarker Wizard' tool of Ihe ProteinChip'™ 

2 Software Versioii 3.01, none of the peaks were able to distinguish all cancer patients fiom non-cancer 

3 individuals. The sensitivity of identifying cancer patients ranged fiom 39 to 95.1%, whereas the 

4 specificity of the various noarkers ranged from 47.8 to 100%. Among these^ 13 markers, four marlcers 

5 vnth the £q[>pafent molecular weigfhts of 12470, 3946, 5649 and 3503, exhibited a sensitivity and 

6 spedficity above 80%. While some markers showed a sensitivity of up to 95.1%, this was usually 

7 accompanied by a sharp decline in specificity and vice versa (Table 3). Since none of the maricers 

8 alone were able to separate all cancers fitom non-cancer serum samples, a bioinfoimatical approach 

9 using the Biomarker Pattern Software™ (BPS) was employed. Thus, these 80 peaks w^ then tested 

10 in a training set which comprised of 46 patients without gastric canc^ (referred to as ^normal') and of 

11 41 patients with gastric cancer (referred to as 'cancerO. The Biomarker Pattern Software™ id^itified 

12 three masses, Le. 12470, 2610 and 11537 Da to generate four terminal nodes, which correctly 

13 separated the cancers in 40 of 41 cases (sensitivity 97.5%) and 45 of 46 normal (specificity 97.8%) 

14 (Figure 1 and 4). The positive and negative predictive values were 97.6% and 97.8%, respectively. 

15 The three maricers, alone, demonstrated poor sensitivities and spedficilies (Table 3), however, tak^ 

16 together, their ability to distinguish cancer fiom non-cancerous samples rose above 97% and was far 

17 better than any other smgle marker. Interestingly, a combination of the four best markers, which all 

18 exhibited sensitivities and specificities above 80%, yielded a sensitivity and specificity of 97J% and 

19 91.3%, respectively, which was, in turn, less efficient than the three markers picked by the BPS™. 

20 Furthermore, while the single best marker 12470 demonstrated a sensitivity and specificity of 87.8 and 

21 89,1%, respectively, every other possible combination of these three markers (12470, 2610, 1 1537 Da) 

22 yielded sensitivities and specificities far below the combination of all three biomarkers (Table 4). 

23 Interestingly, the various biomarkers were either absent or increased in cancer sera, indicating that 

24 these markers do not only represmt an acute and chronic inflammation of the epiOieUurn-derived 

25 proteins, but may also reflect changes in the protein profile secondary to the presence of cancer. Thus, 

26 the markers 12470 and 2610 were increased in normal controls and absent, or significantly lower, in 

27 cancer sera, while the ooatker 11537 was increased only in a small subset of gastric cancers (Figure 1). 

28 I 

29 Since identifying early cancers is the best approach to bnprove the overall, poor prognosis of gastric 

30 cancer patients, we then tested the decision tree algorithm with 9 stage I cancers as the test set, which 

3 1 were not included in titie generation of the algoritiim using the train set This test set included 9 stage I 
32 gastric cancers of and 15 normal controls. Using this decision tree, 8 of the 9 cancers were correctly 

33 classified as cancers, as well as 12 of the 15 normal controls. Thus; three-normal controls and only one 

34 of the early gastric cancers were incorrectly classified (Figure 4). Howeva:, 8 of the 9 gastric cancers» 

35 which were Tl and T2 cancers without local or distant metastasis, were correctly classifi^ thereby 

36 underscoring the efBcacy of the pattern, especially for the diagnosis of early gastric cancer. In order to 

37 assure that the different spectra were indeed related to the diverse diagnosis of the cancer patients and 

64 



1 the nonnal controls, we also tested our pattern against a test set of 29 gastric cancer patients finom 

2 other hospitals (groiq) 11). These patients also had histologically confirmed gastric cancer, albeit the 

3 mode of serum sampling and processing was not standardized as in the train set or the first test set 

4 (group I). However, this collection of sera reflects more closely the actual clinical condition of various 

5 sera obtained at difTerent time points firom various individuals. Nonetheless cm: algorithm correctly 

6 classified all 29 gastric cancer samples as cancer, thus st^porting the efficacy of our biomarker 

7 pattenL In addition, we also tested the decision tree algorithm with a further group of 30 healthy 

8 individuals who were blood donors and otherwise healthy. Interestingly, 26 of 30. healthy individuals 

9 (groiq) ni) were correctly classified as non^K^ancer individuals (Figure 4). Even more interesting, the 

1 0 extent of the primary tumor (pT stage), presence of lymph nodes (pN stage) or distant metastases (M 

1 1 stage) in cancer patients was independent of the markers mentioned above. 

12 i 

13 Despite all advances in diagnostic and therapeutic approaches in the clinical management of gastric 

14 cancer, the prognosis of this disease still remains dismal and less than 10% of patients with gastric 

15 cancer survive 5 years following its initial diagnosis. Thus, besides prevention, the development of 

16 new diagnostic tools is of major importance for the improvement of this clinical dilemma. Despite 

17 great efiforts in the development of serum-based markers^ to date^ no valid serum markers for gastric 

18 cancer have been identified Recent studies indicate that the sensitivity of the most finequently used 

19 markers, such as CEA, Cal9-9 and Ca 72-4 lies between 20.9 and S6%, which does not qualify fi>r 

20 routine screening or diagnostic purposes. Moreover, the potential curatively treated stage I cancers are 

21 detected in less than 23% of gastric cancers (Table S), thus the identification and development of 

22 serum markers specific for gastric cancers has been rather disappointing. Recently, new proteomic 

23 approaches, including SELDI™» have been developed. This technique is based on the detection of 

24 proteins afBnity-bound to a ProtdnChip''^. Based on this technique several groups have analysed sera 

25 fitsm patients with various cancers, including prostate, breast, bladder, ovary and pancreatic cancer 

26 . (Table 6). Using this technique, coiq>led to a pattern-matching algorithm, various biomaadcer pattens 

27 have been identified. These markers ware able to coirecdy classify cancer and non-cancer individuals 

28 with high sensitivity and q>ecificity. In &ct, the combination of eight biomaricers cortectly classified 

29 all ovarian canc^, and specificity was 95 % in this group of patients (Petricoin 2002). Fuitiiennore, 

30 other bionoarlcer patterns were identified in breast, prostate and bladder canc^, which correctly 

31 classified these cancers in 87 to 95% (Vl^u, Li, Qu). Using a similar preach, we analysed a large 

32 set of well-characterized gastric cancers patients, .wherein all cases gastric cancer were confirmed by 

33 histology. We used this set of patients, together with a further group of individuals without gastric 

34 cancer as assessed by xxpp^ GI endoscopy and without a personal history of cancer, in order to screen 

35 for protein patterns by SRT DI-tOF™ using the ProtemChip™ technology coupled to a pattem- 

36 notatching algorithm. Eigjhty biomarkers were identified which exhibited large variations in s^ositivity 

37 and specificity m distinguishing cancer firom non-cancer sera. However, with the help of three selected 
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1 biomaxkeis, our train set of cancer and non-cancer individuals was correctly classified in all but one 

2 cancer patient, and all but one non-canc^ individual. This accounts for a sensitivity and sfpedificify of 

3 97.5% and 97.8%, respectively. Next; we tested our algorithm with a group of patients diagnosed with 

4 stage I gastric cancer (test set). We chose this group of patients since these patients could undergo a 

5 potential curative resection and therefore are the primary focus of pot^tial serum based screening 

6 markers. Our biomaiker pattern correctly idratified 8 of these 9 patients, whereas a group of 15 non- 

7 cancer tadividuals was correcdy classified in 12 cases. None of these cases was used for the 

8 generation of the decision tree. We then challenged our biomarker pattern with a further independent 

9 set of patients, Le. 29'patients with gastric cancer. Again, histological'verification ofibe cancers was 

10 * obtained in all cases. These test sets are of considerable interest since these sera were collected in 

1 1 other hospitals under non-standaxdized conditions, and, therefore, truly reflect the clinical situation in 

12 the management of cancer patients. Again our decision tree algorithm correctly classified all gastric 

1 3 cancer patira^ts. 
14 

15 Our study demonstrates that changes of serum protein profiles in cancer patients may not only tesult 

16 from proteins produced by a given an acute and chronic inflaxnmation of the epithelium, but may ako 

17 result from a secondary reaction e.g. of the immune system against the an acute and chronic 

18 inflammation of the epitheUum or an acute and chronic inflammation of the epithelium-specific 

19 proteins. This hypothesis is supported by the finding that two of the biomarkers identified by the 

20 Biomarker Pattern Software™, were not present, or increased, in cancer patients (i.e. 2610 and 12470 

21 Da), but rather in individuals without cancer. The loss of certain proteins in cancer patients, as 

22 detected by SELDI™ analysis, would explaia why the extent of the primary an acute and chronic 

23 inflammation of the ^ithelium (pT), the presence of lymph node metastasis (pN) and/or distant 

24 metastasis (pM) was independent of the biomarkears and/or the biomarker patten, a finding that has 

25 already been reported by other groups (Li). The loss or reduced expression of fliese serum proteins is 

26 most likely a secondary effect to canc^, whereby the loss of expression reflects the presence of cancer 

27 and, thus, caimot predict the extent of cancers. This would also indicate that this secondary loss of 

28 serum proteins may be a very early event in the pathogenesis of cancers, which is supported by our 

29 findixigs in 9 patients with, stage I gastric cancer, wherein 8 were correctly classified as cancer patients. 

30 Thus, those proteins which are present in non-<cancer individuals and absent, or reduced, in cancer 

31 patients are most likely not an acute and chronic infianunation of the epithelium-derived or an acute 

32 and chronic inflaxnmalion of the epithelhun-specific, but rather present proteins that are either lost or 

33 down-^regulated in cancer patients as a secondary ruction to'the presence of cancer. The results-fi-om 

34 our study may indicate a novef concept of identi^ing serum miarkers in human cismcers. Since the 

35 search and identification of an acute and chronic inflammation of the epitfaelium-si)ecific s^rum 

36 markers fi>r gastric cancer has not led to the development of efiScient serum markers in the last 

37 decades, the loss of serum proteins, which we term negative seram protein profBingt as a secondary 
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1 wartionagamst the aa acute and diramcinflai^ 

-> may be a universal hallmark of various, if not all. cancers. A novel q^ach towards the id^cation 
and development of serum maikers should, therefor^ focus on serum proteins that aie lost in sera of 
patients with cancer since these changes may be present in multple cancers. Furthermore sncb 
changes may even lead to the serum-based identification of prc«nalignant conditions and screer^ of 
high-risk individuals which would not only dramatically impiove the prognosis of cancer patients, but 
7 rnay also preveart these malignant diseases. 
8 
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v1 5 -05- 2003 

1 Weclaim: 



2 1. A method for fhe differential diagnosis of an epithelial cancer and/or an acute and chronic 

3 inflanunation of the epithelium, in vitro, ccnnprising: 

4 a) obtaining a test sample from a subject, 

5 b) contacting test sanq>le with a biologically active surface under spedfic binding 

6 conditions 

7 c) allowing the biomolecules within tibe test sample to bind said biologically active 

8 surface, 

9 d) detecting bound biomolecules using a detection method, wherein the detection method 

1 0 genemtes a mass profile of said test sample, 

11 e) traiisfonning the mass profile into a compxit^ readable form, and 

12 f) comparing the mass profile of e) with a database containing mass profiles specific for 

13 healthy subjects, subjects haying precancerous lesions, subjects having epithelial 

14 cancer, subjects having metastasised epithelial cancers^ or subjects having an acute 

1 5 and chronic inflammation of the epithelium, 

16 wherein said conq^arison allows for the differ^tial diagnosis of a subject as healthy, 

1 7 having a precancerous lesion, having an epithelial cancer, having a metastasised epithelial 

1 8 cancer and/or an acute and chronic inflammation of the epithelium. 

19 2. The me&od of clahn 1, wherein the database is generated by 

20 a) obtaining biological samples fiom healthy subjects, subjects having precancerous 

21 lesions, subjects having epithelial cancer» subjects having m^astasised epithelial 

22 cancers, and subjects having an acute and chrcmic inflammation of the epithelium, 

23 b) contacting said .biological sample witii a biologically active sur&ce under specific 

24 binding CQnditions» 

25 c) allowing the biomolecules within the biological samples to bind to said biologically 

26 active sui&ce, 

27 d) detecting bound biomolecules using a detection m^od, wherein the detection method 

28 generates mass profiles of said biological samples, 

29 e) transforming the inass profiles into a compute-readable form, 

30 f) q^yplying a mathematical algorithm to classify the mass profiles in e) as specific for 

31 healthy subjects, sutgects havmg precancerous lesions, subjects having epithelial 

32 cance» subjects having metastasised epithelial cancers, and subjects having an acute 

33 and chronic inflammation of the epithelium, 

34 3. Ilie method of claim 1, wherein the biomolecules are characterized 

35 a) diluting a sample 1:5 in a denaturation buffer consisting of 7 M urea, 2 M liuouri^ 

36 4%CHAPS. l%PTT,2%Ampholine,atO'*to4^ 

37 b) further diluting said sample 1:10 with a binding buffer consisting of OJM TO 
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1 0.02% Triton X-100, pH 8.5 at 0^ to 4^ 

2 c) contacting the sample with a biologically active surface comprising'positively charged 

3 quaternary ammonium groups 

4 d) incubating of the treated sample with said biologically active sur&ce for 120 minutes 

5 under temperatures between 20 and 24^C at pH 8.5^ 

6 e) and analysing the bound biomolecules by gas phase ion spectrometry. 

7 4. The method of claim 1, wherein the detection method is mass spectrometry. 

8 5. Ihe method of claim 4 wh^ieta the method of mass spectrometry is selected fiom the group of 

9 matrix-assisted laser desorption ionizatiQu/time of flight (MALDI-TOF), sur&ce enhanced 

10 laser desorption ionisaticm/tune of flight (SELDI-TOF), liquid chromatography, MS-MS, or 

11 ESI-MS, 

12 6. The method of claims 1, wherein the biologically active sur&ce comprises an adsorbent 

13 selected jQrom the group of quaternary anmionium groups, carboxylate groups, groups with 

14 alkyl or aryl chains, groups such as nitiiloacetic acid that inunobilize metal ions, or proteins, 

1 5 antibodies, or nucleic acids. 

16 7. The method of claim 1, wherein the mass profiles comprise a panel of one or mcxce 

1 7 differentially e:q)ressed biomolecules. 

18 8. The method of claim 7, wherein, wherein the biomolecules are selected from a gvovp having 

19 the apparent molecular mass of 1516 Da± 8 Da, 1535 Da ± 8 Da, 2020 Da db 10 Da, 2022 Da 

20 ± 10 Da, 2050 Da ± 10 Da, 3946 Da ± 20 Da, 4104 Da ± 21 Da, 4154 Da ± 21 Da, 4298 Da ± 

21 21 Da, 4360 Da ± 22 Da, 4477 Da ± 22 Da, 4867 Da ± 24 Da, 4958 Da ± 25 Da, 4968 Da ± 25 

22 Da, 5474 Da ± 27 Da, 5491 pa ± 27 Da, 5650 Da ± 28 Da, 6449 Da ± 32 Da, 6876 Da i 34 

23 Da, 7001 Da dk 35 Da, 7969 Da ± 40 Da, 8232 Da ± 41 Da, 871 1 Da ± 44 Da, 10665 Da ± 53 

24 Da, 12471 Da ± 62 Da, 12504 Da ± 63 Da, 12669 Da ± 63 Da, 13989 Da ± 70 Da, 15959 Da ± 

25 80 Da, 16164 Da ± 81 Da, 17279 Da ± 86 Da, 17406 Da ± 87 Da, 17630 Da ± 88 Da, or 

26 18133 Dai 91 Da 

27 9. A method for tiie identification of differentially ^pressed biomolecules wherein the 

28 biomolecules of any of claims 1-8 are proteins, comprising: 

29 a) chromatography and fractionation, 

30 b) analysis of fiactions for the presence of said differentially e^ressed proteins and/or 

31 fragments thereof using a biologically ^ve sur&ce^ 

. -32- . . c) fiirthi^ analysis using mass spectnxtnetry to obtain amino add sequences encoding 

33 said proteins and/or firagments thereof and 

34 d) searchiiig amino acid sequence databases of known proteins' to idwisfy said 

35 differentially eTi^xressed proteins by amino acid sequence comparison. 

36 ' 10. The inediod of claim 9, wherem the method of chromatography is selected from higjh 

37 performance liquid chromatography (BCPLC) or &st protein liquid chromatography (FPLC). 

69 



11. Hie method of claim 9, wherein the mass spectrometry used is selected from the group of 
matrix-assisted laser desorption ionizationAime of flight (MALDI-TOF). smfece enhanced 
laser de^oiption lonisatian/tfane of flight (SEUDI-TOF), Kquid chromatogiaphy, MS-MS, or 
ESI-MS. 

12. A method fi»r the differential diagnosis of an epithelial cancer and/or an acute and chronic 
inflammation of the epithdium. m vitro, comprising detection of one or more differentially 
expressed biomolecules indierein the biomolecules are polypeptides, comprising: 

a) ohtauiing a test sample fixun a subject, 

b) contacting said sanq)le with a binding molecule q)ecific for a difiEererit^ 
polypeptide identified in claims 9-1 1, 

c) detecting the presence or absence of raid polypeptide(8), 

M^iCTcm the presence or absence of said polypeptide(s) allows for flie differential 
diagnosis of a subject as healthy, having a piecancerous lesion, having an epithelial 
cmcer, having a metastasised ^thelial cancer and/or an acute and chronic hiflammation 
of the epitlieliam. 

13. A lot for the diagnosis of an q>ithelial cancer comprisiijg flie method of claim 1 and fu^^ 
comprismg a denaturation solution, a binding solution, a washing solution, a biologically 
active sur&ce comprising an adsorbent, and instructions to use the kit. 

14. A kit for tiie diagnosis of an epithelial cancer conqirismg the method of daim 1, and forther 
comprising a solution, binding molecule, detection substrate, and instructions to use the kit 

15. The metiiod of any one of claims 1-14, wherein tiie epitiielial cancer is of breast, lung, 
gastrointestinal, prostate, ovarian, cervical, endomehial^ and/or otiwr cancers of q>ithelial 
origin. 

16. The method of any one of claims 1-14, Wherein tiie test sample is a blood, blood serum, 
plasma, nipple aspirate, urine, semen, seminal fluid, seminal plasma, prostatic fluid, excreta, 
tears, saliva, sweat, biopsy, ascites, cerebrospinal fluid, milk, lymph, ortissue extract sample. 

17. The mefliod of any one of clahns 1-14, wherein tiie biological sample is a blood, blood serum, 
plasma, nipple aspirate, urine, semen, seminal fluid, seminal plasma, prostatic fluid, excreta, 
tears, saliva, sweat, biopsy, ascites, cerebrospinal fluid, milk. lynq)h, ortissue extract sample. 

18. The metiiod of any one of claims 1-14, wherein tiie subject is of mammalian origin. 

19. The subject of claim 18, wherein tiie subject is of human Origin. 
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1 '^5-05- 2003 

2 ABSTRACT 

3 The pr^ent invention provides Momolecules and the use of these biomolecules for the difTerential 

4 diagnosis of epithelial cancers or an acute and chronic inflammation of the epithelium. In particular 

5 the presoot invention provides methods for detecting biomolecules within a test sample as well as a 

6 database compiisiag of mass profiles of biomolecules specific for healthy subjects, subjects having a 

7 precancerous lesicm, subjects having an ^ithelial cancer or a metastasised epidielial cancer or subjects 

8 having an acute and chronic inflammation of the epithelium. Furthermore, the present inveition 

9 provides methods for the chaiact^ization of said biomolecules using gas phase ion spectrometry. In 

10 addition, the present invention provides methods for the identification of said biomolecules provided 

1 1 that they are proteins or polypeptides. The invention further provides kits for the diJOferential diagnosis 

12 of ^ithelial cancers or an acute and chronic inflammation of the qiithdium. 
13 
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